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ABSTRACT
Two f u n g i c i d e s  r e p o r t e d  by o t h e r  w o rk e rs  to  a c t  s y s t e m l c a l l y  In  
c o t t o n  s e e d l i n g s  were t e s t e d  f o r  sy s te m ic  a c t i v i t y ,  and a l s o  f o r  f u n g l -  
t o x i c i t y  a g a i n s t  R h i s o c to n i a  s o l a n i  KUhn. V i ta v a x  (U n i r o y a l )  and 
Demosan (duP on t)  were  found t o  be  f u n g i s t a t i c  to  R. s o l a n i  in  v i t r o ,  
V i ta v a x  i n h i b i t e d  g row th  o f  R. s o l a n i  f o r  2 days  ac 10 ppm, w h i le  
Demosan a c te d  s i m i l a r l y  a t  100 ppm. E x t r a c t s  o f  c o t t o n  s e e d l i n g s  
g r e a t l y  s u p p re s s e d  g row th  o f  R. s o l a n i  i n  v i t r o .  However, t h e r e  was 
l i t t l e  a p p a r e n t  d i f f e r e n c e  i n  s u p p r e s s io n  by e x t r a c t s  from n o n t r e a t e d  
s e e d l i n g s  and th o s e  e x t r a c t s  from s e e d l i n g s  r e c e i v i n g  th e  v a r i o u s  f u n g i ­
c id e  c o n c e n t r a t i o n s .  V i ta v a x  was found to  be n o n v o l a t i l e ,  w h ereas  
Demosan was found to  be h i g h l y  v o l a t i l e  and i t s  v a p o rs  f u n g i s t a t i c  to
R. s o l a n i  in  v i t r o .  Both V i ta v a x  and Demosan were shown by a u t o r a d i -
14ograp h y  o f  s e e d l i n g s  t r e a t e d  w i th  C - la b e l e d  compounds to  t r a n s ­
l o c a t e  s y s t e m l c a l l y  in  c o t t o n  s e e d l i n g s .  Both compounds were 
t r a n s l o c a t e d  upward when a p p l i e d  t o  d ry  s e e d ,  seed  g e rm in a te d  f o r  
v a r io u s  tim e  p e r i o d s ,  r o o t s  in  n u t r i e n t  s o l u t i o n ,  o r  r o o t s  in  
v e r m i c u l i t e .  I n  a d d i t i o n ,  b o th  compounds were shown to  t r a n s l o c a t e  
s y s t e m l c a l l y  upw ard, from c o ty le d o n  to  c o ty le d o n ,  and downward to  a  
l i m i t e d  e x t e n t  when ^ C - l a b e l e d  compounds were a p p l i e d  t o  a  s i n g l e  
c o ty le d o n .  T h i n - l a y e r  ch ro m ato g rap h y  (TLC) o f  e x t r a c t s  from 
^ C - l a b e l e d  D e m o sa n - tre a te d  c o t t o n  s e e d l i n g s  showed t r a n s l o c a t i o n  
o f  Demosan and th u s  s u b s t a n t i a t e d  au to rad iog raphs  o b ta in e d  o f  s e e d l i n g s  
t r e a t e d  w i th  th e  compound. TLC a l s o  showed t h a t  Demosan was n o t  
m e ta b o l iz e d  o r  a l t e r e d  i n  any manner by c o t t o n  s e e d l i n g s .  No 
m e t a b o l i t e  o f  Demosan was d e t e c t e d  by TLC te c h n iq u e s  em ployed.
v i i i
Busan was shown to  be h i g h l y  p h y to to x i c  and n o n sy s tem ic  
c o t t o n  s e e d l i n g s .
INTRODUCTION
The te rm s  " c h e m o th e ra p e u ta n t"  and " s y s te m ic  f u n g ic id e "  have been  
used  i n t e r c h a n g e a b ly  in  th e  l i t e r a t u r e .  Dimond (32) d e f in e d  p l a n t  
chem otherapy  a s  " t h e  c o n t r o l  o f  p l a n t  d i s e a s e s  by compounds t h a t ,  
th ro u g h  t h e i r  e f f e c t  upon th e  h o s t  o r  p a th o g en  re d u c e  o r  n u l l i f y  th e  
e f f e c t  o f  th e  p a th o g en  a f t e r  i t  h a s  e n t e r e d  th e  p l a n t . "  The compound 
t h a t  i n i t i a t e s  t h i s  e f f e c t ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  i s  c a l l e d  a  
c h e m o th e ra p e u ta n t  (3 2 ) .  A c h e m o th e ra p e u ta n t  may a c t  a t  t h e  s i t e  o f  
a p p l i c a t i o n  ( t o p i c a l ) ,  o r  a t  a  d i s t a n c e  from i t  ( s y s te m ic )  (7 2 ) .
Reviews o f  chem otherapy  a r e  a v a i l a b l e  i n  th e  l i t e r a t u r e  (3 3 ,  35, 36 , 7 3 ) .
R ecogn ized  ty p e s  o f  c h e m o th e ra p e u ta n ts  a r e :  a )  compounds t h a t
a n t i d o t e  t o x i n s  formed by th e  p a th o g e n ,  b u t  do n o t  a c t  p r i m a r i l y  on th e  
p a th o g en  i t s e l f ;  b) compounds t h a t  a l t e r  th e  m e ta b o l ism  o f  th e  h o s t  so 
t h a t  i t s  r e s i s t a n c e  to  i n f e c t i o n  i s  i n c r e a s e d ;  and c )  compounds t h a t  
a c t  d i r e c t l y  on th e  p a th o g en  in v o lv e d  ( s y s te m ic  f u n g ic id e s )  (7 6 ) .
T hus, a  s y s te m ic  f u n g ic id e  i s  a  c h e m o th e ra p e u ta n t  b u t  n o t  v i c e - v e r s a  
(7 2 ) .
T hree  mechanisms have  been  p ro p o sed  to  a cc o u n t  f o r  p l a n t  chemo­
th e r a p y .  These a r e  t h a t  th e  compound: a) n e u t r a l i z e s  a t o x i n  p roduced
by th e  p a th o g e n ;  b) a c t s  d i r e c t l y  on th e  h o s t  to  i n c r e a s e  i t s  r e s i s t a n c e  
to  d i s e a s e ;  o r  c )  a c t s  d i r e c t l y  on th e  p a th o g en  (34 , 7 2 ) .
Dimond e t  a l ,  (32 )  s e t  up fo u r  c r i t e r i a  f o r  p ro v in g  a  ch em ica l  
to  be a  sy s te m ic  f u n g ic id e :
1. th e  compound must be  ab so rb ed  and e n t e r  i n t o  t h e  h o s t  p l a n t ;
2. th e  compound must be t r a n s l o c a t e d  from th e  p o i n t  o f  e n t r y  to  
a t  l e a s t  a s  f a r  a s  th e  lo c u s  o f  i n f e c t i o n ;
1
23. th e  compound must a c t  d i r e c t l y  upon th e  p a th o g en  by v i r t u e  
o f  i t s  f u n g i t o x i c  p r o p e r t i e s ;  and
4 .  th e  compound must rem ain  unchanged i n  th e  h o s t .
O ort (a s  c i t e d  by van d e r  Kerk) (76) p ro p o sed  th e  te rm  " s y s te m ic s "  
f o r  a l l  compounds which in f l u e n c e  d i s e a s e  developm ent a f t e r  b e in g  ta k e n  
up by th e  p l a n t .  S y s tem ic s  c o u ld  th e n  be s u b d iv id e d  i n t o :  a )  sy s te m ic
f u n g i c i d e s ,  which a r e  t o x i c  p e r  s e , o r  a r e  t r a n s fo rm e d  w i t h i n  th e  p l a n t  
i n t o  f u n g i t o x i c  compounds; and b ) sy s te m ic  compounds w hich a f f e c t  p l a n t  
m e tab o lism  in  su ch  a way t h a t  th e  p l a n t ' s  r e s i s t a n c e  tow ard fu n g a l  
a t t a c k  i s  i n c r e a s e d .  I n a c t i v a t i o n  o f  t o x i n s  o r  t i s s u e - d e s t r o y i n g  
enzym es, and i n t e r f e r e n c e  w i th  th e  b io c h e m ic a l  r e l a t i o n  o f  h o s t  to  
p a r a s i t e  were  in c lu d e d  u n d e r  sy s te m ic  compounds (7 6 ) .  For p u rp o s e s  o f  
t h i s  d i s s e r t a t i o n ,  b o th  p o s s i b l e  ty p e s  w i l l  be in c lu d e d  as  s y s te m ic  
f u n g i c i d e s .
The f o l lo w in g  f a c t o r s  m ust be k e p t  in  mind when d e a l i n g  w i th  
s y s te m ic  f u n g i c i d e s  (7 3 ) :
1 . The p h y s i c a l  and c h em ica l  p r o p e r t i e s  o f  th e  compound a re  
e x t re m e ly  im p o r ta n t  in  d e te r m in in g  w h e th e r  a compound w i l l  
be  a b s o rb e d .  A lso ,  b a s i c  compounds move l e s s  w e l l  th a n  
n e u t r a l  o r  a c id  o n e s .  N e g a t iv e ly - c h a r g e d ,  p o l a r  compounds 
move r e a d i l y ,  w hereas  p o s i t i v e l y - c h a r g e d ,  p o l a r  compounds 
do n o t .
2. C e r t a i n  p l a n t s  a r e  h i g h l y  s p e c i f i c  in  a b s o r p t io n  o f  com­
po u n d s ,  so t h a t  a  good sy s te m ic  f u n g ic id e  in  one p l a n t  may 
be  o f  no v a lu e  in  a n o th e r .
33. S t a b i l i t y  and v o l a t i l i t y  o f  th e  compound must be  c o n s id e re d  
s in c e  sy s te m ic  f u n g ic id e s  a r e  u s u a l l y  r e q u i r e d  to  rem ain  
e f f e c t i v e  f o r  a t  l e a s t  2 weeks.
4 , A d s o rp t io n  by s o i l  p a r t i c l e s  o f  r o o t - a p p l i e d  compounds, 
p l u s  d i r e c t  a l t e r a t i o n  o r  b i o l o g i c a l  d e g r a d a t io n  may l e s s e n  
t h e  e f f e c t  o f  a  compound.
R ecen t work h a s  shown t h a t  c e r t a i n  compounds may a c t  a s  sy s te m ic  
f u n g ic id e s  in  c o t t o n  s e e d l in g s  a g a i n s t  i n f e c t i o n  by R h iz o c to n ia  s o l a n i  
Kuhn (8 , 24, 2 5 ) .  Borum ( 7 ) ,  and Borum and S i n c l a i r  (8 ) o b ta in e d  
i n d i r e c t  e v id e n c e  f o r  th e  u p t a k e ,  t r a n s l o c a t i o n ,  and f u n g i s t a t i c  
a c t i v i t y  o f  V i ta v a x  ( 2 , 3 - d i h y d r o - 5 - c a r b o x a n i l i d o - 6 - m e t h y l - l , 4 - o x a t h i i n ,  
U n i r o y a l ) .  D arrag  (2 3 ) ,  and D arrag  and S i n c l a i r  (104) p ro v id e d  i n d i r e c t  
e v id e n c e  f o r  c o n c lu d in g  t h a t  Demosan ( 1 , 4 - d i c h lo r o - 2 ,5 - d im e th o x y b e n -  
z e n e ,  E. I .  duPont de Nemours and C o .)  a c te d  as a s y s te m ic  f u n g ic id e .  
However, a d d i t i o n a l  e v id e n c e  was r e q u i r e d  b e f o r e  t h e s e  compounds c o u ld  
be p o s i t i v e l y  c l a s s e d  as  sy s te m ic  f u n g i c i d e s .
Two m ethods by which u p ta k e  and t r a n s l o c a t i o n  o f  s u s p e c te d  s y s ­
tem ic  f u n g ic id e s  can be v e r i f i e d  a r e  th e  u se  o f  r a d i o l a b e l e d  compounds, 
and t h i n - l a y e r  c h ro m a to g ra p h ic  t e c h n i q u e s .  These  m ethods would a l s o  
i n d i c a t e  w h e th e r  o r  n o t  th e  f u n g ic id e  was t r a n s l o c a t e d  th ro u g h  th e  
p l a n t  in  i t s  o r i g i n a l  form . T hus, f u r t h e r  e v id e n c e  c o u ld  be p ro v id e d  
to  show t h a t  V i ta v a x  and Demosan a re  t r u l y  sy s te m ic  f u n g i c i d e s .
The fo l lo w in g  o b j e c t i v e s  were o u t l i n e d  f o r  t h i s  s tu d y :
1. V e r i f i c a t i o n  o f  a p p a re n t  sy s te m ic  a c t i v i t y  o f  V i ta v a x .
2. V e r i f i c a t i o n  o f  a p p a r e n t  s y s te m ic  a c t i v i t y  o f  Demosan.
3. D e te r m in a t io n  o f  w h e th e r  Demosan i s  t r a n s l o c a t e d  th ro u g h
c o t t o n  s e e d l i n g s  in  i t s  o r i g i n a l  form .
4 .  D e te r m in a t io n  o f  w h e th e r  th e  a c t i v i t y  o f  th e  two com­
pounds i s  a f f e c t e d  by p a s s a g e  th ro u g h  p l a n t  t i s s u e ,  and a 
com p ariso n  o f  l e v e l s  o f  f u n g ic id e  a c t i v i t y  b e f o r e  and a f t e r  
p a s s a g e  th ro u g h  c o t t o n  s e e d l i n g s .
5 . D e te r m in a t io n  o f  maximum u p ta k e  p e r i o d  o f  th e  two compounds 
by g e rm in a t in g  c o t to n s e e d .
6 . D e te rm in a t io n  o f  w h e th e r  o r  n o t  e i t h e r  o r  b o th  compounds can  
move s y s t e m i c a l l y  downward in  c o t t o n  s e e d l in g s  fo l lo w in g  
f o l i a g e  a p p l i c a t i o n .
7. D e te r m in a t io n  o f  w h e th e r  o r  n o t  th e  v o l a t i l i t y  o f  e i t h e r
compound m ig h t i n f l u e n c e  th e  u s e f u l n e s s  o f  c e r t a i n  s c r e e n in g  
te c h n i q u e s .
A compound d ev e lo p ed  by Buckman L a b o r a t o r i e s ,  I n c .  u n d e r  th e  name 
Busan 72 1 2 - ( th io c y a n o m e th y l th io ) b e n z o th i a z o l e 7  was a l s o  t e s t e d  f o r  
s y s te m ic  a c t i v i t y  in  c o t t o n  s e e d l i n g s  a g a i n s t  i n f e c t i o n  by R. s o l a n i .
P a r t s  o f  t h i s  d i s s e r t a t i o n  were p u b l i s h e d  in  an a b s t r a c t  (7 8 ) .
REVIEW OF LITERATURE
Work in v o lv in g  c h e m o th e ra p e u ta n ts  h a s  l a r g e l y  been  c o n f in e d  to  
a n t i b i o t i c s ,  i n o r g a n ic  s a l t s ,  and o r g a n ic  compounds. These  w i l l  be 
c o n s id e r e d  i n d i v i d u a l l y ,  w i th  em phas is  on t h e  o rg a n ic  group s in c e  most 
r e c e n t  work p e r t a i n s  to  t h a t  g ro u p .
A n t i b i o t i c s
T h ere  a r e  s e v e r a l  e x c e l l e n t  re v ie w s  o f  th e  work w i th  a n t i b i o t i c s  
a s  c h e m o th e ra p e u ta n ts  (9 ,  29, 36, 80 , 119, 1 2 5 ) .  G e n e r a l ly ,  a n t i b i o t i c s  
a r e  to o  u n s t a b l e  a s  w e l l  as  to o  e x p e n s iv e  f o r  p r a c t i c a l  u se  in  c ro p  
p r o t e c t i o n  (7 6 ) .  Much e a r l y  r e s e a r c h  on chem otherapy  in v o lv e d  a n t i ­
b i o t i c s ,  and f o r  t h i s  r e a s o n  a  b r i e f  d i s c u s s i o n  i s  in  o r d e r .
S t r e p to m y c in ,  s t r e p to m y c in  s u l p h a t e ,  and th e  c o p p e r  c h e l a t e  of 
s t r e p to m y c in  a l l  were used  w i th  s u c c e s s  a s  c h e m o th e ra p e u ta n ts  on d i f f e r ­
e n t  p l a n t s  (1 7 ) .  Most a n t i b i o t i c s  a c t  i n d i r e c t l y ,  p ro b a b ly  by m o d i f i c a ­
t i o n  o f  th e  h o s t  m e ta b o l ism , and a l l  i n h i b i t  c h l o r o p h y l l  s y n t h e s i s ,  and 
t h e r e f o r e  a r e  p h y t o t o x i c .  S t r e p to m y c in  i s  a b so rb ed  by r o o t s  o f  p e ac h ,  
cucum ber, b ro ad  b e a n ,  and tom ato  ( 7 3 ) .  The compound i s  u n u su a l  in  t h a t  
i t  can t r a n s l o c a t e  in  t h e  p i t h  and phloem , a s  w e l l  a s  th ro u g h  xylem 
t i s s u e ,  a s  i s  th e  c a s e  w i th  m ost sy s te m ic  f u n g i c i d e s .  T h is  p ro b a b ly  
e x p l a i n s  i t s  a b i l i t y  to  t r a n s l o c a t e  downward fo l lo w in g  f o l i a g e  a p p l i c a ­
t i o n  (8 6 ) .
S to d d a rd  (34) c u re d  f o o t  r o t  o f  ge ran iu m  by a s o i l  d re n c h  w i th  
s t r e p to m y c in  and o x y q u in o l in e  s u l p h a t e .  Hagborg (56) r e p o r t e d  t h a t  a 
d r i e d  c ru d e  f i l t r a t e  from S trep to m y ce s  sp . c o n t r o l l e d  c e r e a l  r u s t .
G r i s e o f u l v l n ,  an a n t i b i o t i c  i s o l a t e d  from P e n i c i l l i u m  g r i s e o fu lv u m
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by R a i 8 t r l c k ,  showed sy s te m ic  f u n g i c i d a l  a c t i o n  i n  some p l a n t s  (7 ,  19, 
7 3 ) .  The compound was e x t e n s i v e l y  s t u d i e d  by B r ia n  ( 1 0 ) ,  who found i t  
i n h i b i t e d  Erysiphe g ra m in is  on b a r l e y  a f t e r  r o o t  a p p l i c a t i o n .  The com­
pound was e f f e c t i v e  on a w ide ra n g e  o f  p h y to p a th o g e n s  and n o n p h y to to x ic .  
Crowdy e t  a l .  (1 9 ,  20, 21, 76 , 99) showed g r i s e o f u l v i n  to  be u n s t a b l e ,  
w i th  b ro a d  beans  m e ta b o l i z in g  up to  92% o f  an a p p l i c a t i o n  a f t e r  2 w eeks.
C y c lo h ex im id e ,  an a n t i b i o t i c  which a c t s  a s  a  sy s te m ic  f u n g i c i d e ,  
was found e f f e c t i v e  by d i r e c t  a c t i o n ,  b u t  p h y to to x ic  (1 7 ) .  I t  was 
ab so rb ed  by r o o t s  o f  p e a c h ,  cucum ber, b ro a d  bean  and tom ato  (7 3 ) .  The 
compound was r e p o r t e d  to  p e r s i s t  in  P in u s  s t r o b u s  s e e d l i n g s  f o r  up to  
5 months a f t e r  a p p l i c a t i o n  ( 9 9 ) .  In  b e a n ,  how ever, i t  was r e p o r t e d  
t h a t  a l l  a d m in i s t e r e d  c y c lo h e x im id e  was gone a f t e r  4 days (9 9 ) .
C ro n a r t iu m  r i b i c o l a  on w e s te rn  w h i te  p in e  was c o n t r o l l e d  by 
a p p l i c a t i o n  o f  c y c lo h e x im id e  i n  " w e s te rn "  f u e l  o i l  ( 3 4 ) .  L iv in g s to n  
(81) r e p o r t e d  th e  compound t o  have  v a lu e  a s  an e r a d i c a n t  and in  im p a r t ­
in g  immunity a g a i n s t  P u c c in i a  r u b i g o - v e r a  and P. g ra m in is  t r i t i c i  in  
w h ea t .  The oxime d e r i v a t i v e  was e f f e c t i v e  s y s t e m i c a l l y  in  c o n t r o l l i n g  
Coccomyces h i e m a l i s  on c h e r r y  when u sed  a s  a f o l i a r  s p ra y  (5 8 ) .
Crude p r e p a r a t i o n s  o f  t h e  a n t i b i o t i c ,  t e r r a m y c in ,  gave s i g n i f i ­
c a n t  c o n t r o l  o f  C lad o sp o riu m  cucumerlnum in  cucum ber, w h i le  p u re  
te r r a m y c in  d id  n o t  (1 1 1 ) .
O th e r  a n t i b i o t i c s  s t u d i e d  f o r  p o s s i b l e  s y s te m ic  f u n g i c i d a l  
e f f e c t s  a r e  r i v o c i d i n  and p i m a r i c i d i n  ( 7 6 ) ,  c h lo ra m p h e n ic o l  (1 1 9 ) ,  
and c h l o r a t e t r a c y c l i n e ,  and neomycin (7 3 ) .
7I n o r g a n ic  S a l t s
I n o r g a n ic  s a l t s  r e p o r t e d  t o  show sy s te m ic  t h e r a p e u t i c  a c t i v i t y  
I n c lu d e  c o p p e r ,  l i t h i u m ,  cadmium, n i c k e l ,  b o ro n ,  m anganese, I r o n ,  s i l i ­
c a t e s ,  t h i o s u l p h a t e s ,  and sodium f l u o r i d e .  An e x h a u s t iv e  s tu d y  o f  th e  
sy s te m ic  a c t i v i t y  o f  88 i n o r g a n ic  s a l t s  was r e p o r t e d  by C a r t e r  and Wain 
(1 2 ) ,  i n  1964. These  w o rk e rs  m easured  th e  a b i l i t y  o f  th e  s a l t s  t o  p r o ­
t e c t  b ro a d  bean  s e e d l i n g s  from B o t r y t i s  f a b a e , tom a to  p l a n t s  from 
A l t e r n a r i a  s o l a n i , and w heat s e e d l i n g s  from E ry s ip h e  g ra m in is  fo l lo w in g  
r o o t  a p p l i c a t i o n .  L i th iu m  s u lp h a t e  was found to  show marked sy s te m ic  
a c t i v i t y  a g a i n s t  E. g r a m i n i s . C e r t a i n  o t h e r  s a l t s  were found e f f e c t i v e ,  
b u t  t h e i r  e f f e c t s  v a r i e d  c o n s id e r a b ly  from  t e s t  t o  t e s t  on th e  same 
h o s t - p a th o g e n  com plex. T h is  was o f f e r e d  as  a  p o s s i b l e  e x p l a n a t i o n  f o r  
t h e  numerous c o n f l i c t i n g  r e p o r t s  in  t h e  l i t e r a t u r e  r e g a r d in g  th e  
s y s te m ic  a c t i v i t y  o f  in o r g a n ic  s a l t s .
O rgan ic  Compounds
The s tu d y  o f  8 - h y d r o x y q u in c l in e  s u l p h a t e  a s  a sy s te m ic  chemo­
t h e r a p e u t a n t  a g a i n s t  D utch Elm D is e a s e  by Zentm eyer, in  1943, marked 
th e  b e g in n in g  o f  t h e  i d e a  t h a t  i n t e r n a l  p r o t e c t i o n  m igh t be o f  
a d v a n ta g e  in  c o n t r o l l i n g  c e r t a i n  d i s e a s e s  (a s  c i t e d  by van d e r  Kerk) 
(7 6 ) .  S to d d a rd  (108 , 109) r e p o r t e d  th e  i n a c t i v a t i o n  o f  th e  v i r u s  
c a u s in g  X -d is e a s e  o f  p each  by s o a k in g  i n f e c t e d  buds i n  aqueous s o l u ­
t i o n s  o f  8 -h y d ro x y q u in o l in e  s u l p h a t e ,  h y d ro q u in o n e ,  c a lc iu m -8 -h y d ro x y -  
q u i n o l a t e ,  m agnesium -8- h y d r o x y q u in o l a te ,  q u in h y d ro n e ,  p - n i t r o p h e n o l ,  
o - n i t r o p h e n o l ,  u r e a ,  and sodium t h i o s u l p h a t e .  The compound 8 -h y d ro x y ­
q u i n o l i n e  s u lp h a t e  p roduced  o n ly  a tem p o ra ry  i n a c t i v a t i o n  o f  t h e  v i r u s ,  
a s  i t  r e p o r t e d l y  d id  w i th  C e r a t o c y s t i s  u lm i (7 6 ) .  S i g n i f i c a n t
8r e d u c t i o n  o f  F uearium  w i l t  o f  c a r n a t i o n s  was o b ta in e d  fo l lo w in g  a p p l i ­
c a t i o n  o f  8 - q u i n o l i n o l  s u l p h a t e ,  2 -norcam phane m e th a n o l ,  o r  4 - c h l o r o -  
3 ,5 -d im e th y lp h e n o x y e th a n o l  a s  s o i l  d re n c h e s  (1 1 0 ) .
C e r t a i n  q u in o n es  a r e  a b le  to  i n a c t i v a t e  t h e  p e c t o l y t i c  enzymes, 
such  a s  p e c t i n m e t h y l e s t e r a s e ,  p roduced  by f u s a r i a l  f u n g i ,  and e x e r t  
t h e i r  sy s te m ic  f u n g i c i d a l  e f f e c t  in  t h i s  way (7 6 ) .  A s i m i l a r  mode o f  
a c t i o n  h a s  been  fo rw arded  t o  a cco u n t  f o r  th e  s y s te m ic  f u n g i c i d a l  a c t i o n  
o f  p h e n y l th io u r e a  a g a i n s t  C ladospo rium  cucumerinum on cucumber (1 1 6 ) .
The p o s s i b l e  e x p la n a t i o n  i s  t h a t  p h e n y l th io u r e a  i s  a s t r o n g  i n h i b i t o r  o f  
p o ly p h e n y lo x id a s e .  Kuc (79) r e p o r t e d  p h e n y l t h i o u r e a  p r o t e c t e d  a g a i n s t  
V e n tu r i a  i n a e q u a l i s  on a p p le .  T h e re  may be a  s i m i l a r  mechanism 
p r e s e n t ,  f o r  i t  i s  e s s e n t i a l  t h a t  th e  fungus d e s t r o y  th e  p e c t i n  in  th e  
m idd le  l a m e l l a  i n  o r d e r  to  p e n e t r a t e  i n t o  p a renchym atous  t i s s u e  (1 1 6 ) .
C e r t a i n  p l a n t  g row th  r e g u l a t o r s  and c l o s e l y  r e l a t e d  s y n t h e t i c  
compounds have  been shown to  e x h i b i t  sy s te m ic  f u n g i c i d a l  a c t i v i t y  (20 , 
21, 51, 73 , 76, 83 , 115, 1 1 8 ) .  T here  i s  much e v id e n c e  s u p p o r t in g  th e  
c o n c lu s io n  t h a t  th e  e f f e c t  o f  th e  g row th  s u b s ta n c e s  i s  to  i n c r e a s e  
th e  d i s e a s e  r e s i s t a n c e  o f  th e  p l a n t  (3 3 ) .  The id e a  t h a t  th e  a c t i o n  o f  
c e r t a i n  n o n f u n g i t o x i c , s y s te m ic  f u n g ic id e s  m ig h t  be c o n n e c te d  w i th  
t h e i r  a b i l i t y  to  a c t  a s  p l a n t  g row th  r e g u l a t o r s  was c o n s id e r e d  (1 1 5 ) .
D av is  and Dimond (26) r e p o r t e d  sy s te m ic  p r o t e c t i o n  o f  tom atoes  
a g a i n s t  F usa r ium  oxysporum f .  l y c o p e r s i c i  fo l lo w in g  u p ta k e  o f  s y n t h e t i c  
p l a n t  g ro w th  r e g u l a t o r s .  The compounds s e r v e  to  i n c r e a s e  t h e  r e s i s t ­
ance  o f  p l a n t s  t o  d i s e a s e ,  r a t h e r  th a n  a c t i n g  d i r e c t l y  a s  f u n g i t o x i c  
s u b s ta n c e s  (3 3 ) .  Crowdy and Wain ( 2 1 ) ,  by s t r u c t u r a l  v a r i a t i o n  o f  
p h e n o x y a c e t ic  a c i d s ,  d e v e lo p e d  compounds w i th o u t  g row th  r e g u l a t i n g
a c t i v i t y  b u t  w hich w ere  a c t i v e  a s  sy s te m ic  f u n g i c i d e s .  These  w o rk e rs  
(20) r e p o r t e d  a c o n s i s t e n t  r e d u c t  i o n , o f  a b o u t  507., o f  B o t r y t i s  fa b a e  
on b ro a d  bean  f o l lo w in g  t r e a tm e n t  w i th  2 ,4 ,6 - t r i c h l o r o p h e n o x y a c e t i c  
a c i d .  The e f f e c t  seemed to  be t o  c h eck  s p re a d  r a t h e r  th a n  to  p r e v e n t  
l e s i o n  f o r m a t io n .  P h e n o x y a c e t ic  a c id  a n a lo g s  p e n e t r a t e d  f o l i a g e  v e ry  
e a s i l y  (7 3 ) .  O th e r  g row th  r e g u l a t o r s  g i v i n g  s i g n i f i c a n t  d i s e a s e  r e d u c ­
t i o n  were p e n ta c h lo r o p h e n o x y a c e t i c  a c id  ( a l s o  a c t i v e  on tom ato  a g a i n s t  
A l t e m a r i a  s o l a n i ) (20 , 5 1 ) ;  p e n t a c h lo r o p h e n o x y i s o b u ty r i c  a c id ;  and
( 2 - n a p h th o x y ) p h e n y la c e t i c  a c i d .  A l l  t h r e e  were m o d e ra te ly  p h y t o t o x i c .  
F aw c e t t  e t  a l .  (51) s t u d i e d  54 a r y lo x y a lk a n e  c a r b o x y l i c  a c i d s ,  and co n ­
f i rm ed  th e  work o f  Crowdy and Wain (21) w i th  t h e  fo u r  p h e n o x y a lk y l -  
c a r b o x y l i c  a c i d s .  In  a d d i t i o n ,  th e y  found t h a t  th e  s y s te m ic  f u n g i c i d a l  
a c t i v i t y  o f  2 , 4 , 6 - t r i c h l o r o p h e n o x y a c e t i c  a c id  in  b ean  depended upon 
s e a s o n a l  f a c t o r s .  Such v a r i a t i o n  was n o t  o b se rv ed  f o r  3 -p h e n o x y b u ty r ic  
and 5 -p h e n o x y c a p ro ic  a c i d s  (51) w hich were a l s o  s y s t e m i c a l l y  a c t i v e  i n  
bean  a g a i n s t  B o t r y t i s  f a b a e .
Wain (118) d i s c o v e r e d  t h a t  p h e n o x y a c e t ic  a c id s  c o n ta i n in g  an 
i s o b u t y r i c  a c id  s i d e  c h a in  d i s p l a y e d  marked s y s te m ic  a c t i v i t y .
A h i g h l y  r e s i s t a n t  r e a c t i o n  o f  a p p le  l e a v e s  t o  a t t a c k  by V e n tu r i a  
i n a e q u a l i s  a f t e r  t r e a tm e n t  w i th  o i - a m in o i s o b u ty r i c  a c id  was r e p o r t e d  
(8 3 ) .  D -e ^ - a m in o - n - b u ty r ic  a c id  was l e s s  e f f e c t i v e ,  w h i le  L -o<-am ino- 
n - b u t y r i c ,  b u t y r i c ,  DL-£ - a m i n o - n - b u t y r i c ,  DL-£ - a m i n o - n - i s o b u t y r i c , and 
i s o b u t y r i c  a c id s  had l i t t l e  o r  no e f f e c t .  None o f  t h e  compounds w ere 
p h y to to x i c  i n  t h e  amounts u sed .
The c o n t r o l  o f  P. g r a m in is  in  w heat w i th  su lphonam ides  was f i r s t  
r e p o r t e d  by H asseb rau k  ( a s  c i t e d  by Crem lyn, 17) and l a t e r  c o n f irm ed  by
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L i v in g s to n  ( 8 1 ) .  Crowdy (18) showed b e h a v io r  o f  a  g iv e n  compound 
v a r i e d  from one p l a n t  t o  a n o th e r .  S to d d a rd  (96) r e p o r t e d  some c o n t r o l  
o f  th e  X - d is e a s e  o f  p each  w i th  su lphonam ide . R udd-Jones  and W ignall  
(96) d e m o n s t ra te d  t h e  s y s te m ic  a c t i v i t y  o f  th e  compounds by p a p e r  
ch ro m ato g rap h y . These w o rk e rs  r e c o v e re d  407. o f  th e  o r i g i n a l  dose  in  
b road  bean  a f t e r  13 d a y s ,  showing th e  compounds t o  be p e r s i s t e n t .  The 
compounds were b ro k e n  down by a c e t y l a t i o n  i n  t h e  r o o t s ,  and a c e t y l a -  
t i o n  t o g e t h e r  w i th  d e a c e t y l a t i o n  p re d o m in a t in g  in  th e  s tem s (96 , 9 9 ) .  
Maximum d i s e a s e  c o n t r o l  o c c u r re d  w i th  t h e  low er a c y l  compounds (R = 
n - p e n t y l ,  o r  n - b u t y l ) .  The i n e f f e c t i v e n e s s  o f  th e  h ig h e r  a c y l  com­
pounds was p r o b a b ly  due t o  t h e i r  slow s o l u b i l i t y  i n  w a te r ,  o r  b ecau se  
th e y  were so r a p i d l y  h y d ro ly z e d  in  th e  p l a n t  t h a t  s e v e re  p h y to to x ic  
symptoms d ev e lo p e d  (9 6 ) .  I t  was s u g g e s te d  t h a t  su lphonam ides  may 
f u n c t io n  as a n t i m e t a b o l i t e s  o f  p a ra -a m in o b e n z o ic  a c i d ,  th u s  i n t e r -  
f e r r i n g  w i th  f o l i c  a c id  s y n t h e s i s  (1 7 ) .  Su lphonam ides  a r e  r e p o r t e d l y  
d eg rad ed  i n  th e  s o i l ,  u s e f u l  o n ly  on o b l i g a t e  p a r a s i t e s ,  and p h y to ­
t o x i c  a t  u s e f u l  c o n c e n t r a t i o n s .
The a n t i m e t a b o l i t e ,  6 - a z a u r a c i l ,  e x h i b i t e d  marked sy s te m ic  
a c t i v i t y  a g a i n s t  E ry s ip h e  g ra m in is  on w h ea t.  The i n f e c t i o n  s t r u c t u r e s  
o f  th e  fungus  p e n e t r a t e d  t r e a t e d  p l a n t s ,  b u t  t h e i r  g row th  was h a l t e d  
w i t h i n  24 h o u r s  a f t e r  i n o c u l a t i o n  (30 , 6 8 ) .  Dekker and O ort (31) 
r e p o r t e d  6 - a z a u r a c i l  t o  be  s y s t e m l c a l l y  a c t i v e  a g a i n s t  v a r i o u s  powdery 
m ildew s o f  p l a n t s ,  e i t h e r  upon a p p l i c a t i o n  to  r o o t s  o r  f o l i a g e .  The 
compound was r e p o r t e d  to  g iv e  co m p le te  c o n t r o l  o f  E ry s ip h e  c ic h o ra c e a ru m  
on marrow w i th  s l i g h t  p h y t o t o x i c i t y  (1 2 4 ) .
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The m o le c u la r  s t r u c t u r e  o f  p h e n o b a rb i to n e  re se m b le s  6 - a z a u r a c i l .  
Z a r a c o v i t i s  (124) r e p o r t e d  co m p le te  c o n t r o l  o f  powdery mildew o f  marrow 
w i th  p h e n o b a rb i to n e  when a p p l i e d  a s  a s o i l  d re n c h ,  o r  a s  a  f o l i a g e  d i p .  
No p h y t o t o x i c i t y  was n o te d .  When a p p l i e d  a s  a  s p ra y  th e  compound was 
i n e f f e c t i v e .  B a r b i to n e ,  h e x o b a r b i to n e ,  and b a r b i t u r i c  a c id  were a l l  
i n a c t i v e  and p h y to to x ic  a s  s o i l  d re n c h e s  (1 2 4 ) .  T h is  was c o n f irm e d  by 
Tempel e t  a l .  (113) who r e p o r t e d  sy s te m ic  a c t i v i t y  f o r  p h e n o b a r b i to l  and 
p e n t o t h i o b a r b i t o l  s a l t ,  w i th  b e s t  a c t i v i t y  from th e  sodium s a l t  o f  
p e n t o b a r b i t o l .  A l l  t h r e e  compounds cau sed  s l i g h t  r e t a r d a t i o n  o f  g row th  
and y e l lo w in g  o f  l e a v e s .  The sodium s a l t  was a c t i v e  b o th  a s  a s o i l  
d re n c h  and a s  a f o l i a g e  s p r a y .  A n iy lo b a rb ito l  sodium s a l t  showed no 
a c t i v i t y .
S y m m e t r i c a l - d i c h l o r o t e t r a f l u o r o a c e t o n e  (DCTFA) h a s  been  r e p o r t e d  
as  a c h e m o th e ra p e u ta n t  a g a i n s t  Uromyces p h a s e o l i  t y p i c a  on b ro ad  b e a n s ,  
and P u t c i n i a  r e c o n d i t a  on w heat when a p p l i e d  a s  a s o i l  d r e n c h ,  s o i l  m ix, 
o r  seed  t r e a tm e n t  p r i o r  to  i n o c u l a t i o n .  F o l i a r  a p p l i c a t i o n s  e r a d i c a t e d  
e s t a b l i s h e d  i n f e c t i o n s  o f  b o th  d i s e a s e s ,  p l u s  P. g ra m in is  on K entucky 
b l u e g r a s s ,  and was n o n p h y to to x ic  a t  l e v e l s  u sed  ( 4 ) .  H a rd iso n  (66) 
r e p o r t e d  c o n t r o l  o f  l e a f ,  s tem , and s t r i p e  r u s t  on s e v e r a l  v a r i e t i e s  o f  
K entucky b l u e g r a s s  in  two t e s t s .  In  th e  second t e s t  s e v e re  r e d u c t i o n  
o f  seed  y i e l d  was n o te d ,  and th e  w orker p o in te d  o u t  t h a t  c a r e f u l  e v a l u a ­
t i o n  o f  DCTFA i s  n e c e s s a r y  b e f o r e  a p p l i c a t i o n  to  c e r t a i n  g r a s s e s .
Hagborg (56) r e p o r t e d  i n e f f e c t i v e  c o n t r o l  o f  c e r e a l  r u s t  w i th  th e  
compound.
p ro c a in e  h y d r o c h lo r id e  i s  r e p o r t e d  a s  a  sy s te m ic  f u n g ic id e  u s e f u l  
in  th e  c o n t r o l  o f  w heat powdery mildew (6 8 ) .  Z a r a c o v i t i s  (124),
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o b ta in e d  c o n t r o l  o f  bean  powdery m ildew  w i th  s o i l  d re n c h ,  and f o l i a g e  
s p ra y  o r  d ip  w i th  th e  compound.
D im e th y ld i th io c a rb a m a te s  (DDC) b e long  to  th e  g roup  o f  most a c t i v e  
f u n g ic id e s  (2 8 ) .  Among th e  common ones  a r e  f e r r i c - d i m e t h y l - d i t h i o c a r b a -  
mate ( f e rb a m ) ,  z in c - d im e th y ld i th lo c a r b a m a te  ( s i ra m )  and t e t r a m e t h y l -  
t h i u r a m d i s u l f i d e  ( t h i r a m ) .  S e v e r a l  members o f  th e  g roup  a r e  sy s te m ic  
(28 , 57, 76 , 9 9 ) ,  w i th  t h e  most a c t i v e  b e in g  c a rb o x y m e th y ld im e th y ld i -  
th io c a rb a m a te  (45 , 7 6 ) .
Sodium d im e th y ld i th io c a r b a m a te  (NaDDC) was a b so rb ed  by r o o t s  o f  
to b a c c o  p l a n t s ,  t r a n s l o c a t e d  from l e a f  t o  l e a f ,  and re n d e re d  p l a n t s  
immune to  i n f e c t i o n  by P e ro n o s p o ra  t a b a c i n a  f o r  6 weeks (1 6 ) .  S y s tem ic  
a c t i v i t y  a l s o  was r e p o r t e d  a f t e r  l e a f  a p p l i c a t i o n .  The compound, 
t o g e t h e r  w i th  t e t r a m e t h y l t h i u r a m - d i s u l f i d e  (TMTD), was a c t i v e  a g a i n s t  
F uaarium  oxysporum on tom ato  a f t e r  r o o t  u p ta k e  (2 8 ) .  TMTD re n d e re d  
s e e d l i n g s  o f  P in u s  s y l v e s t r i s  l e s s  s u s c e p t i b l e  t o  a t t a c k  by R h iz o c to n ia  
sp . and Pyth ium  sp .  NaDDC was r e p o r t e d  t o  g iv e  s l i g h t  sy s te m ic  p r o t e c ­
t i o n  t o  cucumber s e e d l i n g s  a g a i n s t  a t t a c k  by C lad o sp o riu m  cucuroerinum 
f o l lo w in g  r o o t  u p ta k e  (2 8 ) .  S e v e ra l  o th e r  d im e th y ld i th i o c a r b a m a t e s ,  
n o n f u n g i to x ic  in  v i t r o ,  were shown to  a c t  s y s t e m i c a l l y  i n  cucum ber, 
and to  be l e s s  p h y to to x ic  th a n  NaDDC (2 8 ) .
Heyns e t  a l .  (68) i n v e s t i g a t e d  t h e  s y s te m ic  a c t i v i t y  o f  33 N- 
s u b s t i t u t e d  S - e s t e r s  o f  d i th io c a r b a m ic  a c id  a g a i n s t  B o t r y t i s  fa b a e  on 
b ro ad  b e an ,  and E ry s ip h e  gram lniB  on w h e a t ,  fo l lo w in g  a p p l i c a t i o n  o f  
th e  compounds t o  r o o t s  o r  c u t  s h o o ts  o f  th e  p l a n t s .  Marked sy s te m ic  
a c t i v i t y  a g a i n s t  E ry s ip h e  g ra m in is  i n  w heat was shown by th e  N -carb o x y -  
m e th y ld i th io c a r b a m a te s ,  and by S - c a rb o x y m e th y l -N ,N -d im e th y ld i th lo c a r b a -  
m a te . The e f f e c t  was n o t  v e r y  h o s t  s p e c i f i c  s in c e  m ost compounds
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showing h ig h  a c t i v i t y  i n  w heat a l s o  showed a c t i v i t y  in  p e a  and cucum ber, 
and t o  a l e s s e r  e x t e n t  in  a p p le .  A l l  compounds showed a much low er 
l e v e l  o f  s y s te m ic  a c t i v i t y  i n  b ro a d  b ean  s e e d l i n g s  a g a i n s t  8 . f a b a e .
D ek h u ijg en  (2 7 ,  28) s t u d i e d  t h e  mechanism  o f  a c t i o n  o f  th e  
d im e th y ld i th i o c a r b a m a t e s  on C lad o sp o riu m  cucumerinum i n  cucumber 
s e e d l i n g s .  I t  was found t h a t  t h e  p l a n t s  t r a n s f o r m  e n z y m ic a l ly  DDC 
io n s  i n t o  D D C -alan ine , D D C -g lucoside , and  a f u n g i t o x i c  d e r i v a t i v e  o f  
DDC. The c o n v e r s io n  o f  NaDDC i n t o  t h e s e  same t h r e e  compounds a l s o  was 
r e p o r t e d  f o r  b ro a d  b e a n ,  F rench  b e a n ,  and to b a c c o  (9 9 ) .  D D C-alanine i s  
h i g h l y  f u n g i t o x i c ,  t h i s  p ro b a b ly  b e in g  due  t o  t h e  enzymic c l e a v a g e  o f  
th e  compound w hich  l i b e r a t e s  f u n g i t o x i c  DDC-ions ( 2 8 ) .  D D C-glucoside 
and D D C-alanine a r e  i n t e r c o n v e r t i b l e  i n  p l a n t s .  L -D D C -aianine i s  
r e s p o n s i b l e  f o r  t h e  o b s e rv e d  sy s te m ic  a c t i v i t y  o f  NaDDC and DDC- 
g lu c o s i d e  a g a i n s t  C .  cucum erinum . L-amino a c i d s  p r e s e n t  in  th e  p l a n t s  
a n ta g o n iz e  th e  f u n g i t o x i c i t y  o f  DL-, D -, and L -D D C -alan ine . T hus , h ig h  
d o sag es  a r e  n e c e s s a r y  f o r  f u n g i c i d a l  a c t i v i t y ,  b u t  c a u s e  m o rp h o lo g ic a l  
a b n o r m a l i t i e s  i n  t h e  p l a n t s  (2 8 ) .  T h is  p r e s e n t s  a s e r i o u s  d raw back to  
th e  u se  o f  DDC d e r i v a t i v e s  a s  s y s te m ic  f u n g i c i d e s .
S y n t h e t i c  DL-DDC a l a n i n e  was r e p o r t e d  sy s te m ic  in  cucum ber. 
P e r s i s t e n c e  s t u d i e s  showed t h a t  a f t e r  3 weeks o n ly  10% rem ained  in  
t h e  p l a n t  (9 9 ) .
C e r t a i n  amino a c id s  e x h i b i t  sy s te m ic  f u n g i c i d a l  a c t i v i t y ,  and 
most seem to  e x e r t  a  d i r e c t  e f f e c t  on t h e  fu n g u s  (1 1 4 ) .  Kuc e t  a l .
(7 6 ,  79) found p h e n y la l a n in e  and a l a n i n e  e f f e c t i v e  a g a i n s t  V e n t u r i s  
i n a e q u a l i s  on a p p le ,  van  Andel (115) r e p o r t e d  e x c e l l e n t  p r o t e c t i o n  by 
s e r i n e  and t h r e o n i n e  a g a i n s t  C lad o sp o r iu m  cucumerinum on cucum ber.
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The same w o rk e r  (76 , 114, 115) found t h a t  o r t h o ,  p a r a ,  and m e ta  DL- 
f lu o r o p h e n y la l a n ln e  p r o t e c t e d  cucumber s e e d l i n g s  a g a i n s t  C. cucumerinum 
and C p l l e to t r i c h u m  la g e n a r iu m  when a p p l i e d  t o  t h e  r o o t s .  These com­
pounds w ere f u n g i t o x i c  i n  v i t r o ,  and b o th  f u n g i t o x i c i t y  and p r o t e c t i v e  
a c t i o n  on p l a n t s  c o u ld  be  r e v e r s e d  by p h e n y l a l a n i n e .  The compounds 
c l e a r l y  a c te d  a s  c o m p e t i t i v e  a n t a g o n i s t s  to  p h e n y la l a n in e .  Thus, 
th e y  d i f f e r e d  from  m ost amino a c id s  in  t h a t  th e y  behaved  a s  t r u e  s y s ­
tem ic  f u n g i c i d e s  (1 1 4 ) .
One o f  t h e  p ro m is in g  new s y s te m ic  f u n g i c i d e s ,  duPont 1991, i s  a 
ca rbam ic  a c id  d e r i v a t i v e ,  and more s p e c i f i c a l l y ,  a b e n z im id a z o le  d e r i v a ­
t i v e .  The compound, 1 - (B u ty lc a rb o m o y l) -2 -B e n z im id a z o le  ca rb am ic  a c i d ,  
m e th y l  e s t e r ,  h a s  b een  r e p o r t e d  to  g iv e  sy s te m ic  c o n t r o l  o f  V e r t i c i l l i u m  
a lb o - a t r u m  i n  c o t t o n  ( 4 8 ) .  I t  i s  f u n g i t o x i c  and n o n p h y to to x ic .
H ard iso n  (65) r e p o r t e d  th e  compound c o n t r o l l e d  th e  fo l lo w in g  fu n g i :  
U r o c y s t i s  a g r o p y r i i , P u c c ln i a  s t r i i f o r m i s , C la v lc e p s  p u r p u r e a ,
E ry s ip h e  g r a m i n i s , and S e p t o r i a  m acropoda s e p t u l a t a  i n  Kentucky b l u e ­
g r a s s ;  U s t i l a g o  s t r i i f o r m i s  i n  b e n t g r a s s ;  and G lo eo tin la  t e m u le n ta  in  
r y e g r a s s .  U. a g r o p y r i i  and U. s t r i i f o r m i s  w ere  e r a d i c a t e d  in  K entucky 
b l u e g r a s s .  T here  was no p h y t o t o x i c i t y  n o te d .
T h ia b e n d a z o le  (TBZ), 2 - ( 4 1 - t h i a z o l y l ) b e n z i m i d a z o l e  (Merck and 
Company) i s  b o th  f u n g i t o x i c  and s y s te m ic  i n  c o t t o n  a g a i n s t  V e r t i c i l l i u m  
a lb o - a t r u m  ( 5 0 ) .  The compound r e p o r t e d l y  moves b o th  upward and down­
ward ( 7 ) .  Some D eu te ro m y ce te s  and A scom ycetes , e x c lu d in g  y e a s t s ,  a r e  
s e n s i t i v e  t o  t h e  compound ( 7 ) .
T e r r a z o l e ,  5 - e t h o x y - 3 - t r i c h l o r o m e t h y l - l , 2 , 4 - t h i a d i a z o l e ,  a  
f u n g ic id e  d e v e lo p e d  by O l in  M ath ieso n  Chem ical Company, showed s y s te m ic
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a c t i v i t y  a g a i n s t  R h iz o c to n ia  s o l a n i  f o r  15 d ay s  a f t e r  s o i l  o r  w a te r  
t r e a tm e n t  ( 1 ) .  The compound i s  f u n g i s t a t i c ,  and s l i g h t l y  p h y to to x ic  
a t  c o n c e n t r a t i o n s  t h a t  gave c o n t r o l  o f  R. s o l a n i  on c o t t o n  s e e d l in g s  
(1 0 3 ) .
P l u i j g e r s  and S i j p e s t e i j n  (91) r e p o r t e d  h ig h  s y s te m ic  f u n g i c i d a l  
a c t i v i t y  f o r  1 -p h en y l  t h io s e m ic a r b a z id e  (PTS) and c e r t a i n  o f  i t s  r i n g -  
s u b s t i c u t e d  d e r i v a t i v e s  a g a i n s t  C lad o sp o riu m  cucumerinum on cucumber. 
The 2 '  _,6 ‘- d i c h l o r c - , and 2 '  , 4 ' , 5  ' - t r i c h l o r o - d e r i v a t i v e s  w ere  n o t  s y s ­
tem ic .
S to d d a rd  (111) r e p o r t e d  sy s te m ic  f u n g i c i d a l  p r o t e c t i o n  by Captan 
( N - t r i c h l o r o m e t h y l t h i o t e t r a h y d r o p h t h a l i m i d e )  a g a i n s t  C. cucumerinum i n  
cucumber by b o th  r o o t  and f o l i a g e  a p p l i c a t i o n .  S y s tem ic  c o n t r o l  o f  
B o t r y t i s  fa b a e  on b ro a d  bean  f o l lo w in g  r o o t  o r  f o l i a g e  a p p l i c a t i o n  was 
r e p o r t e d  (8 7 ) .  Root a p p l i c a t i o n ,  how ever, p ro v ed  i t  p h y t o t o x i c .  The 
a n t i f u n g a l  e f f e c t s  showed m arked p e r s i s t e n c e .  C ap tan  gave  l o c a l  s y s ­
tem ic  p r o t e c t i v e  i n h i b i t i o n  o r  s u p p r e s s io n  o f  V e n tu r i a  i n a e q u a l i s  and 
Gymnosporangium j u n i p e r i - v i r g I n i a n a  in  a p p le  (5 7 ) .
Q u a te rn a ry  ammonium compounds a c t  s y s t e m i c a l l y  in  some p l a n t s .
A r e c e n t  s tu d y  by G dging ton  (38) showed t h a t  a s  th e  a l k y l  g roup  o f  an 
n - a l k y l  q u a te r n a r y  anmonium compound i s  l e n g th e n e d  from e t h y l  to  
d o d e c y l ,  t h e  compound becomes more f u n g i t o x i c ,  b u t  l e s s  m o b i le .  The 
o c t y l  d e r i v a t i v e  was th e  m ost f u n g i t o x i c  d e r i v a t i v e  t h a t  s t i l l  r e t a i n e d  
th e  m o b i l i t y  r e q u i r e d  o f  a sy s te m ic  f u n g i c i d e .
L i v in g s to n  (74 , 81) found p h e n y lh y d ra z in e  to  be  h ig h ly  e f f e c t i v e  
i n  t h e  g re e n h o u se  a g a i n s t  P. r e c o n d i t a  on w h e a t .  J a w o rs k i  and Hoffman 
(74) t e s t e d  77 p h e n y lh y d ra zo n e s  as  l e a f  r u s t  e r a d i c a n t s .  The m ost
16
e f f e c t i v e  and l e a s t  p h y to to x ic  ones were a c r o l e i n  p h e n y lh y d ra z o n e , 
b en za ld eh y d e  p h e n y lh y d ra z o n e ,  r i b o s e  p h e n y lo sa z o n e ,  and z y lo s e  p h e n y l -  
o saz o n e .  The w o rk e rs  c o n c lu d ed  t h a t  p h e n y lh y d ra z in e  was th e  a c t u a l  
t o x i c a n t .
C alc ium  su lp h am ate  i s  r e p o r t e d  t o  be e i t h e r  sy s te m ic  o r  t o  in d u ce  
a s y s te m ic  e f f e c t  i n  w heat a g a i n s t  P u c c in ia  ru b ig o “'rera and P. g ra m in is  
(8 1 ) .  A s l i g h t  r e d u c t io n  in  g e r m in a t io n  o f  t r e a t e d  seed  was n o te d .
The s y s te m ic  a c t i o n  o f  Thim et A ) , 0 - d i e t h y l - S - ( e t h y l t h i o m e t h y l )  
p h o s p h o r o d i th io a t e 7 ,  a  s y s te m ic  i n s e c t i c i d e ,  a g a i n s t  R. s o l a n i  and 
Pyth ium  s p .  in  c o t t o n  was s t u d i e d  ( 4 9 ) .  T r e a te d  seed  were p r o t e c t e d  
7 to  10 day s  lo n g e r  th a n  n o n t r e a t e d  s e e d .  I t  was v e r i f i e d  t h a t  Thim et 
p r o t e c t e d  c o t t o n  a g a i n s t  R. s o l a n i  (5 4 ,  5 5 ) .  The compound was shown to
p r o t e c t  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  a t  82 t o  92 F, b u t  n o t  a t
3270 to  72 F (5 5 ) .  M e tc a l f  e t  a l .  (85) employed P in  a s tu d y  in  c o t to n  
t r a c i n g  th e  movement o f  a compound v e r y  c l o s e l y  r e l a t e d  to  T h im et,
0 , 0 - d i e t h y l - S - 2 ( d i e t h y l a m i n o ) e t h y l  P h o s p h o r o t h i o l a t e .  I t  was found 
t h a t  th e  compound was t r a n s l o c a t e d  s y s t e m i c a l l y  in  c o t t o n  s e e d l i n g s ,  
and r e t a i n e d  i t s  p e s t i c i d a l  q u a l i t i e s .
E ig h t  n i t r o p h e n o l s  were shown to  s y s t e m i c a l l y  c o n t r o l  E ry s ip h e  
p o ly g o n i  on bean  f o l lo w in g  f o l i a g e  a p p l i c a t i o n .  The compounds moved 
b o th  upward and downward. Root t r e a t m e n t s  were i n e f f e c t i v e .  The m ost 
e f f e c t i v e  compound waB 2 - c h l o r o - 4 - ( 1 ' , 1 ' , 3 ' , 3 * - t e t r a m e t h y l ) - b u t y l - 6 -  
n i t r o p h e n o l .  The n i t r o  g ro u p ,  and b ra n c h in g  o f  t h e  4 - a l k y l  s u b s t i t u e n t  
were  found n e c e s s a r y  f o r  a c t i v i t y  (4 7 ) .
The f u n g ic id e  2 - p y r i d i n e t h i o l - l - o x i d e  was s y s te m ic  in  cucumber 
s e e d l i n g s  a f t e r  f o l i a g e  a p p l i c a t i o n  a s  shown by i n h i b i t i o n  o f
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g e r m in a t io n  o f  c o n i d i a  o f  M o n i l i n l a  f r u c t i c o l a  by p l a n t  e x t r a c t s  a f t e r  
t r e a tm e n t  w i th  t h e  c h e m ic a l  (9 7 ) .
The a c id  p h t h a l a t e  and a c e t a t e  s a l t s  o f  d o d e c y lg u a n id in e  s y s t e m i ­
c a l l y  p r o t e c t e d  a p p le  a g a i n s t  V e n t u r i s  i n a e q u a l i s  and Gymnosporangium 
j u n i p e r ! - v l r g i n i a n a  by f o l i a g e  a p p l i c a t i o n  (2 7 ) .
A new sy s te m ic  f u n g ic id e  d e s i g n a t e d  TH7462, r e l e a s e d  by 
Thonpson-Hayward Chem ical Company, o f f e r e d  s y s te m ic  p r o t e c t i o n  a g a i n s t  
E ry s ip h e  c ic h o ra c e a ru m  when a p p l i e d  a s  a  s o i l  d re n c h  o r  f o l i a g e  s p ra y  
( 22) .
Demosan, l ,4 - d i c h l o r o - 2 ,5 - d i m e t h o x y b e n z e n e ,  d e v e lo p e d  by d u P o n t ,  
e f f e c t i v e l y  c o n t r o l l e d  U s t i l a g o  s t r i i f o r m i s  in  K entucky b l u e g r a s s  when 
a p p l i e d  as  a s o i l  d re n c h  (8 2 ) .  The compound gave  te m p o ra ry  sy s te m ic  
c o n t r o l  o f  R h iz o c to n ia  r o o t  r o t  o f  sn ap b ean  ( 8 4 ) ,  and gave s y s te m ic  
c o n t r o l  o f  R. s o l a n i  in  c o t t o n  (2 4 ,  39, 1 0 5 ) .  C o t to n  s e e d l i n g s  t r e a t e d  
w i th  300 o r  600 ppm Demosan by r o o t  u p ta k e  showed R. s o l a n i  p e n e t r a t e d  
th e  e p id e r m is  and formed p o c k e t s  i n  th e  f i r s t  l a y e r s  o f  c o r t i c a l  c e l l s .  
The fu n g u s  was a p p a r e n t l y  i n h i b i t e d  a t  t h a t  s t a g e .  R. s o l a n i  d id  n o t  
in v ad e  h y p o c o ty l s  o f  s e e d l i n g s  t r e a t e d  a t  900 o r  1200 ppm Demosan (2 3 ) .  
Demosan a t  5 t o  8 ppm t o t a l l y  i n h i b i t e d  g row th  o f  R. s o l a n i  in  l i q u i d  
c u l t u r e  (7 0 ) .  R. s o l a n i  m e ta b o l iz e d  Demosan t o  a n o n to x ic  m e t a b o l i t e  
i d e n t i f i e d  a s  2 ,5 -d ic h lo r o - 4 - m e th o x y p h e n o l ,  by i n f r a r e d ,  n u c l e a r  
m ag n e t ic  r e s o n a n c e ,  and m ass s p e c t r o g r a p h i c  a n a ly s e s  ( 7 0 ) .  F i e l d i n g  
and Rhodes (52) d e m o n s t ra te d  Demosan u p ta k e  i n  c o t t o n  and b ean s  by 
a u to r a d io g r a p h y  and b io a s s a y .  The r a d i o a c t i v i t y  c o n c e n t r a t e d  m a in ly  
i n  th e  r o o t s  and low er s tem  p o r t i o n s  w here th e  need  f o r  p r o t e c t i o n  
a g a i n s t  s o i l  f u n g i  was g r e a t e s t .  T h i n - l a y e r  ch ro m ato g rap h y  (TLC) o f
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Demosan h a s  been  r e p o r t e d  (7 0 ,  9 4 ) .  Rhodes (94) r e p o r t e d  Demosan to  
have an Rf v a lu e  o f  0 .6 0  u s in g  c h lo ro fo r m  as  t h e  l i q u i d  p h a s e ,  and 
S i l i c a  Gel G a s  t h e  s t a t i o n a r y  p h a s e ,  and a l s o  r e p o r t e d  a m e t a b o l i t e  
o f  Demosan, 2 ,5 - d i c h lo r o - 4 - m e th o x y p h e n o l ,  w hich had  an Rf v a lu e  o f  
0 .3 5 .  (The Rf v a lu e  i s  d e f in e d  a s  t h e  r a t i o  o f  t h e  d i s t a n c e  moved o f  
a  p a r t i c u l a r  s o l u t e  to  t h a t  moved by t h e  s o l v e n t  f r o n t ,  1 2 2 . )  Hock 
and S i s l e r  (70) r e p o r t e d  th e  p r e s e n c e  o f  t h e  same m e t a b o l i t e  w i th  TLC 
s t u d i e s .  P e a se  (88) d e v e lo p e d  a  m ethod f o r  s im u l ta n e o u s  h y d r o l y s i s  
and e x t r a c t i o n  o f  Demosan and i t s  m e t a b o l i t e  w hich  r e s u l t e d  in  90% 
r e c o v e r y  from a b ro a d  sp e c tru m  o f  p l a n t s  t r e a t e d  w i th  t h e  m a t e r i a l .
The d i s c o v e r y  o f  t h e  o x a t h i i n s  (117) by U n iro y a l  was p r o b a b ly  
th e  m ost im p o r ta n t  s i n g l e  d i s c o v e r y  o f  compounds e x h i b i t i n g  b ro ad  
sp ec tru m  sy s te m ic  f u n g i c i d a l  a c t i v i t y .  The two o x a t h i i n  compounds 
e x t e n s i v e l y  s t u d i e d  a r e  V i ta v a x  ( 2 , 3 - d ih y d r o - 5 - c a r b o x a n i l i d o - 6 - m e t h y l -  
1 , 4 - o x a t h i i n ) , and i t s  su lp h o n e  an a lo g  P la n tv a x  ( 2 , 3 - d i h y d r o - 5 - c a r -  
b o x a n i l i d o - 6 - m e t h y l - l , 4 - o x a t h i i n - 4 , 4  d i o x i d e ) .  B oth  compounds were 
r e p o r t e d  h i g h l y  e f f e c t i v e  in  c o n t r o l l i n g  P u c c in i a  r u b i g o - v e r a  on 
w heat (6 1 ,  117 );  Uromyces ph a s e o l l  t y p i c a  on bean  (1 1 7 ) ;  U s t i l a g o  
nuda on b a r l e y  (5 ,  41 , 4 3 ,  61 , 67 , 77, 1 1 7 ) ;  and R h iz o c to n ia  s o l a n i  (47) 
when a p p l i e d  t o  s e e d ,  s o i l ,  o r  f o l i a g e .  No p h y t o t o x i c i t y  was n o te d .  
V i ta v a x  was s u p e r i o r  t o  P la n tv a x  i n  c o n t r o l l i n g  U. nuda on b a r l e y  (43 , 
1 1 7 ) .  Both  c h e m ic a ls  w ere  c o m p a t ib le  w i th  c o n v e n t i o n a l  seed  t r e a t ­
m ents  in c lu d in g  Panogen, T h iram , and C ap tan  ( 4 3 ) .
H a rd iso n  (6 2 ,  63 , 64) r e p o r t e d  P la n tv a x  s u p e r i o r  t o  V i ta v a x  in  
c o n t r o l l i n g  U r o c y s t i s  a g r o p y r i i  on K entucky  b l u e g r a s s ,  when a p p l i e d  as 
a s o i l  d re n c h .  P la n tv a x  i n h i b i t e d  and a p p a r e n t l y  e r a d i c a t e d  th e  fungus
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b u t  c au sed  te m p o ra ry  p h y t o t o x i c i t y *  P la n tv a x  was a l s o  r e p o r t e d  
s u p e r i o r  i n  c o n t r o l l i n g  U s t i l a g o  a t r i i f o r m i s  on b e n t g r a s s ,  o r c h a r d -  
g r a s s ,  and K entucky b l u e g r a s s ,  and i n  c o n t r o l l i n g  P u c c in i a  s t r i i f o r m l s  
on b l u e g r a s s  and s p r in g  and w i n t e r  w heat (61 , 62 , 64 , 9 2 ) .  The ch em ica l  
was n o n p h y to to x ic  a t  r a t e s  u s e d .  Arny (5 )  o b ta in e d  c o n t r o l  o f  P. 
g r a m ln i s  on w i n t e r  w heat and o a t s  by seed  t r e a tm e n t  w i th  e i t h e r  
P la n tv a x  o r  V i ta v a x .  P la n tv a x  gave p r o t e c t i o n  up t o  8 weeks a f t e r  
s eed  o r  s o i l  a p p l i c a t i o n  a g a i n s t  P. g r a m in i s  t r l t i c i  on w heat (6 1 ) .  A 
s tu d y  u n d e r ta k e n  by Rowell (95) showed s o i l - a p p l i e d  P la n tv a x  to  d e la y  
deve lopm ent o f  l e a f  and s tem  r u s t  e p id e m ic s  on s p r in g  w heat f o r  up to  
4 weeks a f t e r  p l a n t i n g .  He o b ta in e d  e v id e n c e  t h a t  th e  compound was 
c o n t i n u a l l y  ta k e n  up by th e  p l a n t ,  and s u g g e s te d  s o i l  t r e a tm e n t  to  
o b t a i n  f u n g ic id e  e f f e c t i v e n e s s  o v e r  a  l o n g e r  p e r i o d  o f  t im e .
V i ta v a x  i s  r e p o r t e d  t o  c o n t r o l  U s t i l a g o  t r i t i c i  on f o u r  v a r i e ­
t i e s  o f  w h e a t ,  and a l s o  t o  i n c r e a s e  em ergence and y i e l d  (46 , 59 , 6 1 ) .
I t  gave good c o n t r o l  o f  T i l l e t i a  f o e t i d a  on Red C h ie f  w heat and was 
n o n p h y to to x ic .  P l a n tv a x  was l e s s  e f f e c t i v e .  V i ta v a x  c o n t r o l l e d  T. 
f o e t i d a  on w h e a t ,  and seed  r o t s  and s e e d l in g  b l i g h t s  o f  w h ea t;  U s t i l a g o  
avenae  and U s t i l a g o  k o l l e r i  on o a t s ;  U s t i l a g o  h o r d e i  on b a r l e y ;  and 
co v e red  k e r n e l  smut and seed  r o t s  and s e e d l in g  b l i g h t s  o f  sorghum (1 1 ,  
59 , 6 1 ) .
V i ta v a x  h a s  g iv e n  s i g n i f i c a n t  c o n t r o l  o f  R h i s o c to n ia  s c l e r o t i n l a  
on p o t a t o  when a p p l i e d  a s  a d u s t  to  seed  p i e c e s  (9 8 ) ,  and co m p le te  con ­
t r o l  o f  R. s o l a n i  in  c o t t o n  w i th  no p h y t o t o x i c i t y  (8 ,  1 0 6 ) .  The com­
pound r e p o r t e d l y  I n h i b i t e d  p e n e t r a t i o n  o f  t h e  fungus  i n t o  t h e  c o t t o n  
h y p o c o ty l  ( 8 ) .  V i ta v a x  i s  f u n g i s t a t i c  t o  R. s o l a n i  i n  v i t r o  ( 7 ) .  Allam
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(2 ,  3) r e p o r t e d  e x t r a c t s  o f  V i t a v a x - t r e a t e d  c o t to n s e e d  i n h i b i t e d  g row th  
o f  R. s o l a n i  in  v i t r o  in  d i r e c t  p r o p o r t i o n  t o  t h e  c o n c e n t r a t i o n  
o r i g i n a l l y  a p p l ie d  t o  t h e  s e e d .
S i g n i f i c a n t  c o n t r o l  o f  Uromyces p h a s e o l i  t y p i c a  on p i n t o  bean  
was o b ta in e d  f o r  up t o  1 week fo l lo w in g  i n o c u l a t i o n  w i th  t h e  p a th o g e n ,  
u s in g  seed  a p p l i c a t i o n  o f  P la n tv a x  o r  V i ta v a x  ( 4 5 ) .  P la n tv a x  a lo n e  p r o ­
t e c t e d  th e  s e e d l i n g s  2 w eeks. Vaughn and Siem er (116) r e p o r t e d  P la n tv a x  
to  be s u p e r i o r  to  V i ta v a x  i n  c o n t r o l l i n g  U. p h a s e o l i  p h a s e o l i  i n  b e an ,  
when a p p l i e d  a s  p r e v e n t i v e  f o l i a r  s p r a y s .  P la n tv a x ,  when u sed  a s  a 
seed  t r e a t m e n t ,  fo l lo w e d  by a  f o l i a r  s p r a y ,  gave 88% c o n t r o l  o f  
Uromyces p h a s e o l i  i n  bean  (7 5 ) .
V i ta v a x  and P la n tv a x  were t e s t e d  f o r  sy s te m ic  c o n t r o l  o f  U r o c y s t i s  
c e p u la e  i n  o n io n .  V i ta v a x  gave  some c o n t r o l ,  b u t  f a i l e d  to  p r o t e c t  
a g a i n s t  d am p in g -o ff  c au sed  by o t h e r  f u n g i .  P la n tv a x  was i n e f f e c t i v e  
in  c o n t r o l l i n g  U. c e p u la e  o r  d a m p in g -o f f .  When u sed  in  co m b in a t io n  
w i th  th i r a m ,  V i ta v a x  gave co m p le te  c o n t r o l  o f  b o th  d i s e a s e s  (4 2 ) .  
E d g in g to n  (3 9 ) ,  how ever, r e p o r t e d  p r o t e c t i o n  a g a i n s t  U. c e p u la e  f o r  up 
to  3 weeks a f t e r  seed  t r e a tm e n t  w i th  V i ta v a x .  V i ta v a x  r e p o r t e d l y  con ­
t r o l l e d  E xobasid ium  v a c c i n i i  in  b l u e b e r r y ,  w hereas  P la n tv a x  had l i t t l e  
e f f e c t  (5 3 ) .
E d g ing ton  (39) p o in t e d  o u t  t h a t  V i ta v a x  i s  e f f e c t i v e  where a c t i v ­
i t y  i s  r e q u i r e d  f o r  o n ly  2 to  3 w eeks, a f t e r  w hich t im e  i t  decom poses. 
P la n tv a x  does  n o t  r e a d i l y  decom pose, and can  be u sed  f o r  d i s e a s e s  
which r e q u i r e  a c t i v i t y  f o r  a  l o n g e r  p e r io d  o f  t im e .  P la n tv a x  i s  l e s s  
f u n g i t o x i c ,  t h e r e f o r e  more ch em ica l  i s  r e q u i r e d .  G e n e r a l ly ,  V i ta v a x
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I s  s u p e r i o r  i n  c o n t r o l l i n g  sm u ts ,  and P la n tv a x  i s  s u p e r i o r  i n  con­
t r o l l i n g  r u s t s  (4 2 ) .
O x a th i in  f u n g ic id e s  d i f f e r  i n  t h e i r  s e l e c t i v e  t o x i c i t y .  V i ta v a x  
i s  h ig h ly  t o x i c  e x c l u s i v e l y  to  B a s id io m y c e te s  (4 0 ,  4 1 ,  4 4 ) .  Phyco- 
m y c e te s ,  A scom ycetes , and D eu te ro m y ce tes  a r e  h i g h l y  t o l e r a n t  o f  th e  
compound. E x c e p t io n s  a r e  th e  b a s id io m y c e te  R. s o l a n i , w hich was l e s s  
s e n s i t i v e  th a n  o t h e r  members o f  t h e  g ro u p ,  and th e  d e u te ro m y c e te s  
V e r t l c i l l i u m  a lb o -a t ru m  and M o n l l ia  c i n e r i a  am er ica n a  w hich were f a i r l y  
s e n s i t i v e  to  V i ta v a x  (40 , 4 4 ) .  The t o l y l  a n a lo g  o f o x a t h i i n  had a 
p a t t e r n  o f  f u n g i t o x i c i t y  s i m i l a r  to  V i ta v a x  (40 , 4 4 ) .  An isom er o f  
o x a t h i i n  (F427) was t o x i c  t o  B a s id io m y c e te s ,  b u t  n o t  e x c l u s i v e l y  (40 , 
4 1 ) .  I t  was found t o x i c  to  n in e  fu n g i  i n  th e  P o ro sp o ra e  o f  th e  
D eu terom yce tes  (H ughes' c l a s s i f i c a t i o n ) ,  in c lu d in g  H elm in thosporium  
s a t iv u m . In  th e  P h ia lo s p o r a e ,  th e  compound was r e p o r t e d  t o x i c  to  fo u r  
s p e c i e s  o f  A s p e r g i l l u s , b u t  n o t  t o  o th e r  g e n e r a  t e s t e d .  F427 was 
h i g h l y  t o x i c  to  C ladosporium  s p . , B o t r y t i s  s p . ,  and M o n i l ia  s p . ,  in  
th e  B la s to s p o r a e ,  b u t  n o t  to  R h o d o to ru la  a u r a n t i c a  and C andida  
h u m ic o la . No fungus  i n  th e  A n n e l lo s p o r a e ,  Sym podulosporae , o r  
A le u ro sp o ra e  was i n h i b i t e d ,  e x c e p t  P ithom ycea c h a r ta ru m  (40 , 4 1 ) .
F427 was found h i g h l y  t o x i c  t o  th e  Phycom ycetes C unn ingham ella  
e c h i n u l a t a  and Thamnidlum e l e g a n s , and m o d e ra te ly  t o x i c  t o  Mucor sp . 
and R hizopus n i g r i c a n s . The compound was n o t  t e s t e d  a g a i n s t  th e  
Ascom ycetes (40 , 4 1 ) .
Working w i th  V i t a v a x - t r e a t e d  b a r l e y  and w heat s e e d s ,  Chin and 
S tone  (15) r e p o r t e d  t h a t  V i ta v a x  was a b so rb ed  and t r a n s l o c a t e d  upward. 
The c o n c e n t r a t i o n s  in  ppm o f  r e s i d u e s  in  t h e  p l a n t  t i s s u e  were d i l u t e d
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s i g n i f i c a n t l y  a f t e r  t h e  f i r s t  week, due to  p l a n t  g ro w th .  At f i r s t ,  
m ost o f  th e  r e s i d u e s  were i n  an e x t r a c t a b l e  form , b u t  a s  t h e  p l a n t s  
app roached  m a t u r i t y ,  r e s i d u e s  g r a d u a l l y  tu r n e d  to  n o n e x t r a c t a b l e  o r  
complex fo rm s.
T h i n - l a y e r  ch ro m ato g rap h y  o f  V i ta v a x  was p e rfo rm ed  (2 ,  3 , 1 4 ) .  
Chin and S to n e  (14) r e p o r t e d  th e  r e s u l t s  o f  t h i n - l a y e r  t e c h n iq u e s  
d e s ig n e d  t o  d e t e c t  sm a l l  amounts o f  V i ta v a x  and i t s  l i k e l y  o x i d a t i o n  
and h y d r o l y s i s  p r o d u c t s .  These w o rk e rs  r e p o r t e d  V i ta v a x  t o  be s t a b l e  
in  aqueous s o l u t i o n  f o r  6 m onths a t  pH * 8 to  10; a t  pH = 6 t o  8 i t
was s lo w ly  o x id iz e d  t o  th e  s u l f o x i d e ;  a t  pH * 2 t o  4 i t  was more
r a p i d l y  o x i d i z e d ,  m a in ly  t o  th e  s u l f o x i d e ,  b u t  t r a c e s  o f  s u l f o n e  were 
form ed. V i ta v a x  was o x id iz e d  t o  t h e  su lp h o n e  a f t e r  s e v e r a l  m onths in  
t h e  s o i l .  No e v id e n c e  o f  h y d r o l y s i s  o f  V i ta v a x  was found in  e i t h e r  th e  
w a te r  o r  s o i l  e x p e r im e n t s .
Chin and S tone  (14) a l s o  to o k  th e  v a r i o u s  a n a lo g s  o f  V i ta v a x  as 
p u re  compounds and d e te rm in e d  t h e i r  Rf v a lu e s  on Eastman Kodak t h i n -  
l a y e r  s h e e t s  in  v a r i o u s  s o l v e n t  sy s te m s .  The a n a lo g s  u sed  were D735 
( V i ta v a x ) ,  F831, F461, F362, G449, G450, and t h e  a n i l i n e  d e r i v a t i v e .
By co m p ar iso n  t o  th e s e  s t a n d a r d  Rf v a l u e s ,  u s in g  th e  same s o lv e n t  
sy s tem  (c h lo ro fo rm )  and s t a t i o n a r y  p h a se ,  Allam (2) i d e n t i f i e d  fo u r  
o f  th e  a n a lo g s  a f t e r  p a s s a g e  o f  V i ta v a x  th ro u g h  c o t t o n  s e e d l i n g s  f o l ­
low ing  seed  t r e a t m e n t .  The a n a lo g s  th u s  i d e n t i f i e d  were D735, F461 
( P l a n t v a x ) ,  F362 ( a  h y d r o l y s i s  p r o d u c t  o f  D735), and th e  a n i l i n e  
d e r i v a t i v e  o f  D735. In  a d d i t i o n ,  t h r e e  o th e r  u n i d e n t i f i e d  compounds
were d i s c e r n i b l e  on TLC p l a t e s .
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The Fungus
The fu n g u s  r e f e r r e d  to  by  i t s  i iq p e r f e c t  s t a g e  name a s  R h iz o c to n ia  
s o l a n i  Ktlhn h a s  undergone  numerous name c h a n g e s .  Duhamel, i n  1728, 
f i r s t  r e p o r t e d  a  d i s e a s e  on S a f f r o n  ( C rocus s a t i v u s  L . )  i n c i t e d  by 
R h i s o c to n i a  s p .  ( 3 7 ) .  P e r s o o n ,  i n  1901, p la c e d  th e  fu n g u s  c a u s in g  
th e  d i s e a s e  o f  S a f f r o n  i n  t h e  genus  S c le r o t iu m .  In  1815, DeCandole 
c r e a t e d  th e  genus  R h i s o c to n ia  t o  accommodate t h e  fu n g u s  d e s c r ib e d  on 
S a f f r o n  (1 2 0 ) .  Kuhn (37) d e s c r ib e d  a  new s p e c i e s  on p o t a t o  in  1858, 
naming i t  R. s o l a n i  Kuhn.
The s e x u a l  o r  b a s id io m y c e to u s  s t a g e  o f  R h i s o c to n i a  sp .  was f i r s t  
d e s c r i b e d  by P a t o u i l l a r d  a s  Hypochnus f i l a m e n to s u s  i n  1891 (2 0 ) .
R ogers  (120) c l a s s i f i e d  t h e  o rg a n ism  a s  P e l l i c u l a r i a  f i l a m e n to s a  
( P a t . )  R o g ers ,  i n  1943. The p e r f e c t  s t a g e  name o f  R. s o l a n i  was 
r e c e n t l y  c o n s id e r e d  t o  be T h a n a tep h o ru s  cu cu m e r is  (F ran k )  Donk (basionym  
Hypochnus F r a n k ) ,  by T a lb o t  (1 1 2 ) .  The fungus  w i l l  be  r e f e r r e d  to  
th r o u g h o u t  t h i s  d i s s e r t a t i o n  as R. s o l a n i .
The fungus  c a u s in g  s o r e s h i n  o f  c o t t o n  s e e d l i n g s  was f i r s t  i s o ­
l a t e d ,  i n  1892, by A tk in s o n  ( 6 ) ,  and l a t e r  i d e n t i f i e d  as  R h iz o c to n ia  
s o l a n i  Ktlhn by Duggar ( 3 7 ) .  The d i s e a s e  was f i r s t  r e p o r t e d  from 
L o u i s i a n a  by E d g e r to n  ( 9 0 ) .  W ith in  t h e  l a s t  d e c a d e ,  w i th  c o s t  o f  p r o ­
d u c t io n  i n c r e a s i n g  and t h e  p r o f i t s  d e c r e a s i n g ,  th e  economic im p o r tan c e  
o f  s o r e s h i n  and o t h e r  s e e d l i n g  d i s e a s e s  o f  c o t t o n  h a s  g a in e d  r e c o g n i ­
t i o n  (1 1 1 ) .
MATERIALS AND METHODS
The Fungus
I s o l a t e  T o f  R h iz o c to n ia  s o l a n i  Kuhn was u sed  th r o u g h o u t  t h i s  
s tu d y .  The fungus  was i s o l a t e d  and i d e n t i f i e d  by  S i n c l a i r  (100) and 
shown to  be h i g h l y  p a th o g e n ic  t o  c o t t o n .  A c u l t u r e  o f  t h e  fu n g u s  i s  
on d e p o s i t  in  t h e  Am erican Type C u l tu r e  C o l l e c t i o n  a s  number 18184.
The fungus was grown and m a in ta in e d  on p o t a t o - d e x t r o s e  a g a r  
(PDA) p re p a re d  by s t a n d a r d  m ethods  u s in g  200 g o f  a u to c l a v e d ,  p e e l e d ,  
I r i s h  p o t a t o e s  in  1000 ml d i s t i l l e d  w a t e r .  Inocu lum  u sed  in  a l l  
s t u d i e s  c o n s i s t e d  o f  a g a r  p lu g s  7 mm in  d ia m e te r  c u t  w i th  a number 3 
c o r k b o r e r  from 2 t o  3 day o ld  c u l t u r e s  o f  th e  fu n g u s .
Seed S ource  and P l a n t s
A l l  seed  u sed  in  t h i s  s tu d y  were m achine d e l i n t e d  (MD) o r  a c id  
d e l i n t e d  (AD) D e l t a p i n e  S m o o th lea f  Upland c o t to n s e e d  (Gossypium 
h i r s u tu m  L . ) ,  p ro v id e d  by th e  D e l t a  and P in e  Land Company, S c o t t ,  
M i s s i s s i p p i .  When n e c e s s a r y ,  s eed  were s u r f a c e  s t e r i l i z e d  w i th  a 
1 :1000  s o l u t i o n  o f  m ercu ry  b i c h l o r i d e .
P l a n t s  were grown and m a in ta in e d  in  th e  l a b o r a t o r y  u n d e r  co n ­
t in u o u s  f l u o r e s c e n t  l i g h t  in  s t e r i l e  v e r m i c u l i t e  c o n ta i n in g  Hoagland 
and A m o n 's  (69) n u t r i e n t  s o l u t i o n .
F u n g ic id e s  Used
Two f u n g ic id e s  were u sed  in  t h e  g r e a t e r  p a r t  o f  t h i s  s tu d y .  
These were Demosan ( l , 4 - d i c h l o r o - 2 ,5 - d i m e t h o x y b e n z e n e ,  E. I .  duPont 
de Nemours and C o . ) ,  and V i ta v a x  ( 2 , 3 - d i h y d r o - 5 - c a r b o x a n i l i d o - 6 -
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m e t h y l - 1 , 4 - o x a t h i i n ,  U n i r o y a l ) .  B oth  were s u p p l i e d  and u t i l i z e d  a s  
75% w e t t a b l e  powder f o r m u l a t i o n s .  The s t r u c t u r a l  fo rm u lae  a r e  a s  
fo l lo w s :
S tu d i e s  were a l s o  co n d u c te d  t o  a  l i m i t e d  e x t e n t  w i th  Busan 72 
/ 2 - ( t h i o c y a n o m e t h y l t h i o )  b e n z o t h i a z o l e ,  Buckman L a b o r a t o r i e s ,  I n c . ,  
Memphis, T e n n e sse e7 ,  whose s t r u c t u r a l  fo rm u la  i s  shown below :
In  V i t r o  S tu d i e s
In  v i t r o  s t u d i e s  were  p e rfo rm ed  t o  d e te r m in e  th e  f u n g i c i d a l  
a c t i v i t y  o f  V i ta v a x  and Demosan a g a i n s t  R. s o l a n i . The te c h n iq u e  u sed  
f o r  in  v i t r o  s t u d i e s  was s i m i l a r  to  t h a t  d e s c r ib e d  by S i n c l a i r  (1 0 1 ) .
The t e s t  f u n g ic id e  was m ixed w i th  an a p p r o p r i a t e  amount o f  s t e r i l e ,  
d i s t i l l e d  w a te r  to  make a  d o u b l e - s t r e n g t h  s o l u t i o n .  V i ta v a x  was p r e ­
p a re d  u s in g  0 .0 4 ,  0 .1 0 ,  0 .2 0 ,  0 .3 0 ,  and 0 .4 0  g p e r  1500 ml w a te r  to  
g iv e  ap p ro x im a te  c o n c e n t r a t i o n s  o f  10 , 25, 50 , 75 , and 100 ppm, 
r e s p e c t i v e l y .  Demosan was p r e p a r e d  u s in g  0 .2 6 6 6 ,  0 .7 9 9 8 ,  1 .5 9 9 6 ,
2 .3 9 9 4 , and 3 .1 9 9 2  g p e r  1000 ml w a te r  t o  g iv e  a p p ro x im a te  c o n c e n t r a ­
t i o n s  o f  100, 300, 600, 900, and 1200 p p m , r e s p e c t i v e l y .  S in g l e  s t r e n g t h
Demosan
Cl
V i ta v a x
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f u n g ic id e  s o l u t i o n s  w ere p r e p a r e d  by add ing  o n e - h a l f  th e  amount o f  
f u n g ic id e  t o  th e  same volume o f  w a te r .  PDA was p re p a re d  d o u b le  
s t r e n g t h  and mixed 50 ml PDA to  50 ml f u n g ic id e  s o l u t i o n  in  125 ml 
E r len m ey er  f l a s k s .  S ix  p e t r i  d i s h e s  were p ou red  from  each  f l a s k ,  
a l lo w ed  t o  c o o l ,  and in o c u l a t e d  w i th  th e  fu n g u s .  C u l tu r e s  were m a in ­
t a i n e d  a t  room te m p e ra tu re  and grow th  m easured  a f t e r  v a r i o u s  l e n g t h s  
o f  t im e .
Grow-out s t u d i e s  were c o n d u c ted  t o  d e te rm in e  w h e th e r  th e  v a r io u s  
c o n c e n t r a t i o n s  o f  th e  f u n g ic id e s  a c t u a l l y  k i l l e d  R. s o l a n i  o r  m e re ly  
s u p p re s s e d  i t s  g ro w th .  Agar d i s k s  o f  f u n g ic id e - s u p p r e s s e d  c u l t u r e s  
were i n v e r t e d  and t r a n s f e r r e d  to  f r e s h  PDA p l a t e s  and o b se rv ed  f o r  
s ig n s  o f  g ro w th .
F u n g ic id e  B io a ssa y  S tu d i e s
B io a s s a y  s t u d i e s  were made t o  d e te rm in e  w h e th e r  o r  n o t  th e  f u n g i ­
c id e s  were a b so rb ed  by c o t t o n  s e e d l in g  r o o t s ,  and a l s o ,  to  d e te rm in e  
t h e  d e g re e  o f  t r a n s l o c a t i o n  to  th e  v a r io u s  p a r t s  o f  th e  s e e d l i n g s .  The 
te c h n iq u e  u sed  was s i m i l a r  to  t h a t  r e p o r t e d  by D arrag  (2 3 ) ,  Twenty- 
f i v e  s u r f a c e - s t e r i l i z e d  c o t to n s e e d  were p l a n t e d  in  s t e r i l e  v e r m i c u l i t e  
( T e r r a l i t e  b ran d )  in  e ach  o f  12 s t e r i l e ,  g l a s s  specim en d i s h e s  (7 in  
wide by 2 1 /2  i n  d e e p ) .  T hree  hundred  ml sam ples  o f  f u n g ic id e  s o l u t i o n  
was a p p l i e d  in  c o n c e n t r a t i o n s  o f  10, 25, 50 , 75, and 100 ppm f o r  
V i ta v a x ,  and 100, 300, 600, 900, and 1200 ppm f o r  Demosan. C o n tro l  
d i s h e s  r e c e iv e d  300 ml o f  w a te r .
A l l  d i s h e s  were w a te re d  w i th  100 ml s t e r i l e  d i s t i l l e d  w a te r  a f t e r  
24 h r ,  and t h e r e a f t e r  when n e c e s s a r y .  A u n ifo rm  volume o f  w a te r  was
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a lw ays  added to  a l l  d i s h e s  t o  keep  th e  f u n g ic id e  ppm r e l a t i o n s h i p  co n ­
s t a n t .
S e e d l in g s  w ere  h a r v e s t e d  a f t e r  2 w eeks, washed and s e p a r a t e d  i n t o  
l e a v e s ,  s tem s and r o o t s .  P l a n t  p a r t s  were  th e n  s u r f a c e - s t e r i l i z e d  and 
washed tw ic e  in  d i s t i l l e d  w a te r .
L eav es ,  s tem s ,  and r o o t s  were  w eighed i n t o  20 g am ounts , and 
g round  s e p a r a t e l y  u s in g  s t e r i l e  m o r t a r s  and p e s t l e s .  F iv e  ml o f  s t e r i l e  
d i s t i l l e d  w a te r  was added t o  each  20 g o f  p l a n t  t i s s u e .  E x t r a c t s  were 
f i l t e r e d  th ro u g h  a d o u b le  l a y e r  o f  s t e r i l e  c h e e s e c l o t h  i n t o  a s t e r i l e  
22 by 150 mm t e s t  tu b e .  F i l t r a t e s  were p ou red  i n t o  s t e r i l e  p e t r i  d i s h e s  
and 5 to  8 d ro p s  o f  10% a c e t i c  a c id  added to  s u p p re s s  g row th  o f  any 
b a c t e r i a l  c o n ta m in a n ts .  S t e r i l e  m e l te d  a g a r  was th e n  added and th e  
p e t r i  d i s h  s w i r l e d  t o  mix th e  c o n t e n t s  th o r o u g h ly .  D ish es  were 
a l lo w ed  to  c o o l  and th e n  i n o c u l a t e d  w i th  a g a r  d i s k s  c o n ta i n in g  th e  
fu n g u s .  C u l tu r e s  were m a in ta in e d  a t  room te m p e r a t u r e ,  and g row th  
m easurem ents  r e c o rd e d  a f t e r  v a r i o u s  t im e  i n t e r v a l s .  Grow-out s t u d i e s  
were p e rfo rm ed  i n  a m anner s i m i l a r  to  t h a t  u sed  w i th  in  v i t r o  g ro w -o u t  
s t u d i e s .
F u n g ic id e  V o l a t i l i t y  S tu d i e s
E x p erim en ts  were  d e s ig n e d  t o  d e te rm in e  th e  v o l a t i l i t y  o f  V i ta v a x  
and Demosan in  w hich  R. s o l a n i  was k e p t  from d i r e c t  c o n t a c t  w i th  t h e  
f u n g ic id e s  b u t  was exposed  t o  t h e i r  v a p o r s .  L arge  specim en d i s h e s  
(7 in  wide by 2 1 /2  i n  deep) were  u sed  a s  m o is t  cham bers f o r  t h e s e  
e x p e r im e n t s .  A p e t r i  d i s h  b o t to m  was i n v e r t e d  and p la c e d  i n  th e  b o tto m  
o f  each  specim en d i s h  to  s u p p o r t  th e  fungus  c u l t u r e .  Two hun d red  ml
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o f  f u n g i c i d e  s o l u t i o n  w ere  added to  t h e  d i s h e s ,  and a f r e s h l y  I n o c u l a t e d  
p e t r i  d i s h  (PDA) o f  R. s o l a n i  p l a c e d  i n s i d e .  The to p  o f  th e  p e t r i  d i s h  
was rem oved , and th e  g l a s s  c o v e r  r e p l a c e d .  Growth was m easu red  a f t e r  
v a r i o u s  t im e  i n t e r v a l s .
G row -out s t u d i e s  o f  s u p p r e s s e d  c u l t u r e s  w ere  c o n d u c te d  u s i n g  
f r e s h  PDA. Agar d i s k s  c o n t a i n i n g  s u p p r e s s e d  c u l t u r e s  w ere  n o t  I n v e r t e d  
when t r a n s f e r r e d  to  th e  f r e s h  medium.
T r a n s l o c a t i o n  S tu d i e s  w i th  R a d i o l a b e l e d  F u n g ic id e s
R a d i o l a b e l e d  f u n g i c i d e s  w ere  u s e d  i n  an  a t t e m p t  t o  o b t a i n  d i r e c t
e v id e n c e  o f  t h e i r  u p ta k e  and t r a n s l o c a t i o n  i n  c o t t o n  s e e d l i n g s .
F i f t y  m i c r o c u r i e s  (uC i)  e ac h  o f  Demosan and  V i ta v a x  were s u p p l i e d
by th e  com pan ies  t h a t  d e v e lo p e d  th e  com pounds. Demosan, m o le c u la r
14w e ig h t  2 0 7 .6 ,  was random ly  l a b e l e d  w i th  C i n  th e  b en zen e  r i n g ,  and
had a s p e c i f i c  a c t i v i t y  o f  0 .4 4 7  mCi/mM. V i ta v a x ,  m o le c u la r  w e ig h t  235 ,
14was u n i f o r m ly  l a b e l e d  w i th  C on  th e  a n i l i n e  r i n g ,  and  had a s p e c i f i c  
a c t i v i t y  o f  0 . 2  mCi/mM. F i f t y  uCi o f  e ach  f u n g i c i d e  was d i l u t e d  i n  2 .5  
ml o f  1007. e t h y l  a l c o h o l  and  s t o r e d  i n  a g l a s s  v i a l  i n  a f r e e z e r  when 
n o t  i n  u s e . . The l a b e l e d  f u n g i c i d e s  w ere  a l lo w e d  to  warm t o  room tem­
p e r a t u r e  f o r  a t  l e a s t  1 h r  b e f o r e  u s e .  L a b e le d  f u n g i c i d e s  were 
m easu red  and t r a n s f e r r e d  by means o f  a 5 A  p i p e t t e ,  a t t a c h e d  t o  a  2 .0  
cc  Y a le  s y r i n g e .  P i p e t t e s  w ere  k e p t  i n  a l c o h o l  when n o t  i n  u s e  to  p r e ­
v e n t  d r y i n g .
A u to r a d io g r a p h y . The p r im a ry  o b j e c t i v e  o f  a u to r a d io g r a p h y  was 
to  d e te r m in e  i f  e i t h e r  o r  b o th  ^ C - l a b e l e d  f u n g i c i d e s  w ere a b so rb e d  
and t r a n s l o c a t e d  by c o t t o n  s e e d l i n g s .  The f i r s t  e x p e r im e n t s  were  
d e s ig n e d  to  t e s t  t h a t  v e r y  b a s i c  q u e s t i o n ,  and w ere  c o n d u c te d  u s in g  
two m e th o d s :  1) a  m o d i f ie d  f l a s k  t e c h n i q u e ;  2) v e r m i c u l i t e  w a t e r i n g .
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In  t h e  m o d if ie d  f l a s k  t e c h n i q u e ,  c o t to n s e e d  were g e rm in a te d  in  
l a r g e  g l a s s  spec im en  d i s h e s  (7 in  w ide  by 2 1 /2  in  d eep )  o f  s t e r i l e  
v e r m i c u l i t e ,  and t r a n s f e r r e d  t o  20 ml g l a s s  " p r e s c r i p t i o n "  v i a l s  when 
5 days  o l d .  G la s s  v i a l s  c o n ta i n e d  15 ml s t e r i l e  d i s t i l l e d  w a te r  p l u s  
0 .2  uCi o f  f u n g i c i d e .  The mouth o f  e ac h  v i a l  was co v e red  w i th  c e l l o ­
phane (Dow Handi-W rap) f a s h io n e d  i n t o  a  c u p - l i k e  d e p r e s s i o n .  A sm a ll  
h o le  was punched i n  t h e  c e l l o p h a n e  cup , and a s i n g l e  s e e d l in g  i n s e r t e d  
th ro u g h  th e  h o le  so t h a t  i t s  r o o t s  were Im nersed  i n  t h e  r a d i o a c t i v e  
f u n g i c i d e .  The c e l lo p h a n e  cup was f i l l e d  w i th  v e r m i c u l i t e  and 
m o is te n e d .  S e e d l in g s  w ere h a r v e s t e d  a f t e r  5 d a y s ,  r i n s e d  tw ic e  in  
d i s t i l l e d  w a te r ,  d r i e d  be tw een  two K im -w ipes, e i t h e r  f r e e z e - d r i e d  o r  
o v e n - d r i e d ,  and mounted f o r  a u to r a d io g r a p h y .
In  t h e  v e r m i c u l i t e  w a te r in g  e x p e r im e n t s ,  c o t t o n  s e e d l i n g s  were
grown s i n g l y  i n  i n d i v i d u a l  p e a t  p o t s  o f  v e r m i c u l i t e  and w a te re d  w i th
1415 ml s t e r i l e  d i s t i l l e d  w a te r  c o n t a i n i n g  0 .2  uCi C - l a b e l e d  f u n g i c i d e .  
A f t e r  5 d a y s ,  s e e d l i n g s  w ere h a r v e s t e d  and h a n d le d  s i m i l a r l y  t o  th o s e  
ta k e n  from  g l a s s  v i a l s .
D uring  th e  c o u r s e  o f  t h e s e  s t u d i e s  th e  q u e s t i o n  a r o s e  as  to  
w h e th e r  s e e d s  ta k e  up f u n g ic id e  more r e a d i l y  a t  any p a r t i c u l a r  tim e 
a f t e r  t h e  g e r m in a t io n  p r o c e s s  b e g i n s .  To answ er t h i s  q u e s t i o n ,  c o t t o n  
seed  (AD) were t r e a t e d  w i t h  l a b e l e d  f u n g ic id e  12 , 24, and 48 h r  a f t e r  
b e in g  p l a c e d  u n d e r  c o n t in u o u s  l i g h t  on m o is t  f i l t e r  p a p e r  in  p e t r i  
d i s h e s .  Seed were exposed  f o r  5 m in , one a t  a t im e ,  i n  a  s m a l l  g l a s s  
v i a l  c o n t a i n i n g  20 \  ( 0 .4  uC i)  f u n g ic id e  i n  0 .5  ml w a te r .  Two se e d s  
w ere t r e a t e d  i n  e ach  v i a l  and p l a n t e d  i n  s t e r i l e  p e a t  p o t s  o f  v e rm i­
c u l i t e .  P e a t  p o t s  w ere  p l a c e d  in  p e t r i  d i s h  b o tto m s  t o  p r e v e n t
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le a k a g e  c o n ta m in a t io n  and to  f a c i l i t a t e  w a te r in g .  N o n tre a te d  c h eck s  
were p la c e d  i n  s t e r i l e  w a te r  a lo n e  f o r  5 min b e f o r e  p l a n t i n g .  S e e d l in g s  
were w a te re d  w i th  H o a g la n d 's  s o l u t i o n  a t  a p p r o p r i a t e  i n t e r v a l s .
The f o l lo w in g  e x p e r im e n t  was d e s ig n e d  to  compare f u n g ic id e  u p ta k e  
by  g e rm in a t in g  seed  w i th  u p ta k e  by seed  i n  th e  d ry  s t a t e .  One g o f  
c o t to n s e e d  (AD) (10-11  seed )  was p la c e d  f o r  5 min in  40 X ( 0 .8  uC i) o f  
each  o f  th e  l a b e l e d  f u n g i c i d e s  in  0 .5  ml s t e r i l e  d i s t i l l e d  w a te r .  Seed 
were th e n  p l a n t e d  in  s t e r i l e  p e a t  p o t s  c o n t a i n i n g  v e r m i c u l i t e ,  and th e  
p o t s  p la c e d  in  p e t r i  d i s h  b o tto m s  and w a te r e d .  S e e d l in g s  w ere w a te red  
w i th  H o a g la n d 's  s o l u t i o n .
S tu d i e s  were a l s o  co n d u c te d  w i th  s e e d l i n g s  in  an a e r a t i o n  t r a i n  
t o  d e te r m in e  i f  b u b b l in g  would enhance  u p ta k e  o f  f u n g i c i d e ,  and a l s o  to  
d e te rm in e  i f  l e n g t h  o f  e x p o su re  t o  f u n g ic id e  was d i r e c t l y  p r o p o r t i o n a l  
t c  t o t a l  u p ta k e .  C o t to n se e d  (MD) were g e rm in a te d  and p l a n t s  grown t o  
v a r i o u s  ag es  in  l a r g e  g l a s s  specim en  d i s h e s  c o n t a i n i n g  v e r m i c u l i t e ,  and 
w a te re d  w i th  H o a g la n d 's  s o l u t i o n .  P l a n t s  were  washed th o ro u g h ly  and 
t r a n s f e r r e d  to  an a e r a t i o n  t r a i n  c o n s t r u c t e d  as fo l lo w s :  P l a s t i c  p i n t
r e f r i g e r a t o r  d i s h e s  were s p ra y e d  w i th  s i l v e r  p a i n t  to  e x c lu d e  l i g h t .
Each l i d  was c u t  so a s  t o  a l lo w  two p l a n t s  t o  p r o t r u d e ,  s e p a r a t e d  by 
a r u b b e r  s t o p p e r .  A s i n g l e  l a r g e  h o le  (3 /4  i n  d i a . ) was c u t  in  each  
l i d  w i th  two sm a ll  h o l e s  (1 /2  in )  c u t  a t  t h e  edge and on o p p o s i t e  s i d e s  
of- th e  l a r g e  h o l e .  One s e e d l in g  was p la c e d  i n  e ach  sm a l l  h o l e  and a 
ru b b e r  s to p p e r  p la c e d  i n  th e  l a r g e  h o le  to  s e p a r a t e  and s u p p o r t  th e  
s e e d l i n g s .  A g l a s s  j a r  r e s e r v o i r  was a t t a c h e d  t o  th e  e x h a u s t  s id e  o f  a 
vacuum pump and f i t t e d  w i th  a r u b b e r  s to p p e r  c o n t a i n i n g  a t ta c h m e n ts  f o r
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10 a i r  h o s e s .  The f r e e  end o f  each  h o se  was f i t t e d  w i th  a  g l a s s  tu b e  
and i n s e r t e d  th ro u g h  a c o r n e r  h o le  i n  e a c h  p l a s t i c  p o t  l i d  ( P l a t e  1 ) .
P l a t e  1 . P h o to g rap h  o f  a e r a t i o n  t r a i n  u sed  in  i s o t o p e  u p ta k e  s t u d i e s .
A l e a f  t r e a tm e n t  method p a t t e r n e d  a f t e r  t h a t  o f  Yamaguchi and 
C r a f t s  (123) was u sed  to  d e t e c t  any p o s s i b l e  downward, s y s te m ic  move­
ment by th e  f u n g i c i d e s .  G erm ina ted  s e e d s  were p la c e d  s i n g l y  e i t h e r  in  
s t e r i l e  p e a t  p o t s  o r  s t e r i l e  13 ml g l a s s  v i a l s  and th e  c o ty le d o n s  
a l lo w ed  t o  expand b e f o r e  t r e a t m e n t .  A r i n g  o f  l a n o l i n  was p la c e d  on 
one o f  t h e  expanded c o ty le d o n s  to  h o ld  t h e  f u n g ic id e .  F iv e  (0 .1  uC i) 
o f  l a b e l e d  f u n g ic id e  was p la c e d  i n  th e  l a n o l i n  r i n g .  I n  some i n s t a n c e s  
no l a n o l i n  r i n g  was a p p l i e d ,  and a f t e r  a p p l i c a t i o n  o f  l a b e l e d  f u n g ic id e
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t o  one c o ty le d o n ,  th e  p i p e t t e  was b l o t t e d  on th e  second  c o ty le d o n .  
T r e a te d  p l a n t s  were a l lo w ed  t o  grow f o r  up to  7 days  b e f o r e  h a r v e s t i n g .
A l l  t i s s u e s  u sed  f o r  a u to r a d io g r a p h y  w ere  th o r o u g h ly  washed, 
b l o t t e d  d r y  on p a p e r  to w e l s ,  s p re a d  b e tw een  two Kimwipes, and p la c e d  
be tw een  two p i e c e s  o f  s t i f f  5 by 6 In  s c r e e n  w i r e .  The two s c r e e n s  were 
h e ld  t o g e t h e r  w i th  p a p e r  c l i p s .  P l a n t s  w ere  d r i e d  i n  an oven a t  105 C 
f o r  6 t o  12 h r ,  o r ,  i n  a  V i r t i s  f r e e z e - d r i e r  f o r  a t  l e a s t  24 h r  a t  5 u 
p r e s s u r e  and -50  C.
When th e  f r e e z e - d r i e r  was u s e d ,  p l a n t s  were f i r s t  f r o z e n  by c o v e r ­
in g  t h e  s c r e e n s  w i th  p u l v e r i z e d  d ry  i c e .  Ten p l a n t s  were p la c e d  in  
g ro u p s  o f  f i v e  on two s h e lv e s  o f  t h e  d r y in g  r a c k  and p la c e d  i n  th e  
p r e c o o le d ,  f r e e z e - d r i e r  cham ber. A f te r  a t  l e a s t  24 h r ,  p l a n t s  were 
c a r e f u l l y  removed and t r a n s f e r r e d  t o  a  s ty ro fo a m  m o is t  chamber f o r  1 h r .  
P l a n t s  were  rem oved, p r e s s e d ,  and mounted on w h i te  p a p e r  u s in g  C a r t e r ' s  
r u b b e r  cem en t. P l a n t s  were mounted w i th  upper  l e a f  s u r f a c e  u p ,  e x c e p t  
f o r  c o t y l e d o n - t r e a t e d  p l a n t s , ,w hich  were mounted fa c e  down t o  p r e v e n t  
o v e r - e x p o s u r e  o f  f i l m .  Mounted p l a n t s  were  p la c e d  i n  c a rd b o a rd  
c a s s e t t e s  c o v e red  w i th  aluminum f o i l ,  t r a n s f e r r e d  to  a  d a rk  room, f i lm  
added , s e a l e d ,  and l e f t  f o r  6 t o  14 w eeks. Kodak N o-S creen  X-Ray F ilm , 
Type M, was u sed  f o r  a l l  a u to r a d io g r a p h y .
T h i n - l a y e r  C hrom atography . T h i n - l a y e r  ch rom atog raphy  (TLC) was 
u sed  t o  d e te rm in e  i f  t h e  f u n g ic id e  in  D e m o sa n - t re a te d  s e e d l i n g s  was 
m e ta b o l iz e d  o r  b roken  down i n  any m anner by p a s s a g e  th ro u g h  t h e  p l a n t .  
G la s s  p l a t e s  (5 by 20 cm) w ere sp re a d  w i th  a  250 m ic ro n  l a y e r  o f  
S i l i c a  Gel G and a c t i v a t e d  a t  110 C f o r  1 /2  h r ,  th e n  s t o r e d  i n  a 
d e s i c c a t o r  u n t i l  n e ed ed .
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C o tto n s e e d  (MD) were g e rm in a te d  in  v e r m i c u l i t e  and a f t e r  3 day s  
t r a n s f e r r e d  i n t o  20 ml g l a s s  v i a l s  c o n t a i n i n g  25 lambda (0 .5  uC i)
^ C - l a b e l e d  Demosan in  15 ml s t e r i l e ,  d i s t i l l e d  w a te r .  Each v i a l  had 
a  c e l l o p h a n e  (Dow Handl-W rap) cup o v e r  t h e  mouth and c o n ta in e d  two 
s e e d l i n g s .  V e r m ic u l i t e  was added t o  th e  cup and m o is te n e d  t o  p r e v e n t  
d ry in g  o f  t h e  s e e d l i n g s .  S e e d l in g s  w ere removed a f t e r  4 d a y s ,  washed 
in  d i s t i l l e d  w a t e r ,  and th o s e  n o t  to  be u sed  im m e d ia te ly  were f r o z e n .  
U sing a t e c h n iq u e  m o d if ie d  from t h a t  o f  Rhodes (9 4 ) ,  10 p l a n t s  were 
g round  in  a m o r t a r  and p e s t l e  i n  10 ml c h lo ro fo r m ,  f i l t e r e d  th ro u g h  a 
f r i t t e d  g l a s s  B uchner f u n n e l ,  and e x t r a c t e d  in  10 ml d i s t i l l e d  w a te r  in  
a s e p a r a t o r y  f u n n e l .  The c h lo ro fo r m  e x t r a c t  was washed tw ic e  in  10 ml 
w a te r  u s in g  th e  s e p a r a t o r y  f u n n e l .  F iv e  ml o f  c h lo ro fo rm  e x t r a c t  was 
th e n  c o n c e n t r a t e d  t o  2 .5  ml u s in g  a s t r a a m  o f  d ry  n i t r o g e n .  Twenty A 
o f  e x t r a c t  was s p o t t e d  on th e  two o u t s i d e  l a n e s  o f  a t h r e e - l a n e  TLC 
p l a t e .  F o r ty  A. ( 0 .8  uC i)  o f  s t a n d a r d  Demosan was s p o t t e d  in  th e  c e n t e r  
l a n e .  The TLC p l a t e  was th e n  d e v e lo p e d  i n  a f i l t e r - p a p e r - l i n e d  and 
e q u i l i b r a t e d  g l a s s  chamber c o n t a i n i n g  t r i p l e - d i s t i l l e d  c h lo ro fo r m .
A f t e r  d ev e lo p m en t,  t h e  p l a t e  was removed and a l lo w ed  t o  d ry  f o r  5 m in. 
S t a r t i n g  from th e  b o t to m  o f  th e  p l a t e ,  1 cm zones  o f  t h e  o u t s i d e  l a n e s  
were s c ra p e d  and e q u i v a l e n t  a r e a s  p o o le d ,  th e n  p la c e d  in  a 20 ml l i q u i d  
s c i n t i l l a t i o n  v i a l  c o n t a i n i n g  15 ml l i q u i d  s c i n t i l l a t i o n  s o l u t i o n .  The 
l i q u i d  s c i n t i l l a t i o n  s o l u t i o n  c o n ta in e d  BBOT as  th e  f l u o r  p l u s  t h e  o th e r  
com ponents d e s c r i b e d  by Snyder (1 0 7 ) .  There  were 17 such v i a l s  p r e ­
p a r e d .  A s e p a r a t e  v i a l  was p r e p a r e d  c o n t a i n i n g  40 A o f  c h lo ro fo r m  
e x t r a c t  i n  15 ml s c i n t i l l a t i o n  s o l u t i o n ,  t o  s e r v e  a s  a  ro u g h  c o u n t  o f  
t o t a l  a c t i v i t y  p r e s e n t  on th e  TLC p l a t e  from c h lo ro fo rm  e x t r a c t .
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S ev e n tee n  a d d i t i o n a l  v i a l s  w ere  p r e p a r e d  u s in g  1 cm zones  s c ra p e d  from 
th e  s t a n d a r d  Demosan la n e  o f  t h e  TLC p l a t e .
The e x p e r im e n t  was r e p e a t e d  u s in g  two e x t r a c t s ,  and no s t a n d a r d  
Demosan. Twenty \  o f  a  f r e s h  2 .5  ml e x t r a c t  p r e p a r a t i o n  t h a t  had  been  
c o n c e n t r a t e d  from 5 m l,  was p la c e d  i n  e ac h  o f  t h e  two o u t s i d e  l a n e s  o f  
a TLC p l a t e .  Twenty A o f  t h e  e x t r a c t  u sed  i n  e x p e r im en t  1 ( s t o r e d  i n  a 
f r e e z e r )  was p la c e d  i n  t h e  c e n t e r  l a n e .
A l l  v i a l s  were  c o u n ted  i n  Beckman LS-250 L iq u id  S c i n t i l l a t i o n  
System  f o r  a t im e  s u f f i c i e n t  t o  r e a c h  2.0% s ta n d a r d  d e v i a t i o n  in  th e  
c o u n ts .
L iq u id  S c i n t i l l a t i o n . F u r t h e r  s t u d i e s  w i th  r a d i o l a b e l e d  f u n g i ­
c i d e s ,  u t i l i z i n g  th e  in c r e a s e d  s e n s i t i v i t y  o f  l i q u i d  s c i n t i l l a t i o n ,  were 
p e rfo rm ed  in  an a t t e m p t  t o  s u b s t a n t i a t e  o r  c l a r i f y  r e s u l t s  o b ta in e d  w i th  
a u to r a d io g r a p h y  o f  c o t y l e d o n - t r e a t e d  t i s s u e s .
Two t e n - d a y - o ld  s e e d l i n g s  w ere t r e a t e d  w i th  0 .1  uCi Demosan each  
in  a l a n o l i n  r i n g  on one expanded c o ty le d o n .  Two p l a n t s  were t r e a t e d  
i n  a s i m i l a r  m anner w i th  V i ta v a x .  Two n o n t r e a t e d  s e e d l i n g s  s e rv e d  a s  
c o n t r o l s .  A f t e r  4 d a y s ,  p l a n t s  were h a r v e s t e d ,  washed in  s t e r i l e  d i s ­
t i l l e d  w a te r ,  and s e p a r a t e d  i n t o  l e a v e s ,  S tem s, and r o o t s .  Each two 
s e e d l in g  p a r t s  from  each  t r e a t m e n t  were g ro u n d  t o g e t h e r  i n  a  m o r t a r  
and p e s t l e  w i th  5 .0  ml c h lo ro fo r m ,  d e c o l o r i z e d  w i th  a c t i v a t e d  c h a r ­
c o a l  (N o r i t -A ,  F i s h e r  S c i e n t i f i c  C o . ) ,  and f i l t e r e d  th ro u g h  Whatman no . 
42 f i l t e r  p a p e r .  One ml o f  th e  r e s u l t i n g  e x t r a c t  was added to  15 ml 
POF-POPOP l i q u i d  s c i n t i l l a t i o n  s o l u t i o n  ( 1 3 ) .
V ia l s  were  co u n ted  i n  a  m anner s i m i l a r  t o  t h a t  u sed  w i th  TLC 
s t u d i e s .
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S t u d i e s  w i th  Busan
The Busan s to c k  s o l u t i o n  was a  v e r y  v i s c o u s  l i q u i d  c o n t a i n i n g  60% 
a c t i v e  i n g r e d i e n t .  The a p p r o p r i a t e  amount w et w e ig h t  o f  f u n g ic id e  was 
added to  1000 ml d i s t i l l e d  w a te r  to  g iv e  d i l u t i o n s  o f  100, 300, 600,
900, and 1200 ppm. D i l u t i o n s  were made from th e  100 ppm s o l u t i o n  to  
g iv e  0 . 5 ,  1 .0 ,  2 .0 ,  3 .0 ,  6 . 0 ,  9 . 0 ,  1 0 .0 ,  1 2 .0 ,  2 5 .0 ,  5 0 .0  and 7 5 .0  ppm.
The f l a s k  t e c h n iq u e  d e s c r i b e d  by D arrag  (25 )  was u sed  in  th e  
l a b o r a t o r y  t o  t e s t  f o r  sy s te m ic  c h e m o th e ra p e u t ic  a c t i v i t y  o f  t h i s  
f u n g i c i d e .  C o t to n s e e d  (MD) were g e rm in a te d  in  7 i n  wide by 2 1 /2  in  
deep s t e r i l e  g l a s s  spec im en  d i s h e s  f i l l e d  w i th  s t e r i l e  v e r m i c u l i t e .
A f te r  4 t o  5 d a y s ,  s e e d l i n g s  were t r a n s f e r r e d  to  250 ml E r lenm eyer 
f l a s k s .  The f l a s k s  c o n ta in e d  a p p ro x im a te ly  240 ml o f  f u n g ic id e  s to c k  
s o l u t i o n ,  o r  v e r m i c u l i t e  p lu s  w a te r  in  th e  c a s e  o f  c h e c k s .  The to p  o f  
each  f l a s k  was c o v e re d  w i th  a  p i e c e  o f  c e l l o p h a n e  h e ld  on w i th  a  ru b b e r  
band. A sm a ll  d e p r e s s i o n  was made fo rm ing  a  c e l lo p h a n e  c u p .  Two h o le s  
were punched i n  each  cup u s in g  a  s t e r i l e  m e ta l  p ro b e .  S e e d l in g s  were 
i n s e r t e d  th ro u g h  t h e s e  h o l e s  w i th  t h e i r  r o o t s  i n  th e  f u n g ic id e  s o l u t i o n .  
The v e r m i c u l i t e  s e rv e d  as a r o o t  s u p p o r t  medium. When a p p r o p r i a t e ,  a 
s i n g l e  a g a r  d i s k  c o n t a i n i n g  th e  fungus  was added to  th e  c e l lo p h a n e  cup . 
The cup was f i l l e d  w i th  v e r m i c u l i t e  and m o is te n e d .  The c e l lo p h a n e  
s e rv e d  to  h e lp  s u p p o r t  th e  s e e d l i n g s ,  b u t  m a in ly  s e rv e d  to  keep th e  
inocu lum  and t h e  f u n g ic id e  s o l u t i o n  s e p a r a t e .  F l a s k s  w ere  h e ld  a t  
room te m p e r a tu r e  u n d e r  c o n t in u o u s  a r t i f i c i a l  l i g h t ,  and o b s e r v a t i o n s  
made a t  v a r i o u s  i n t e r v a l s .  Four r e p l i c a t i o n s  were ru n  f o r  e ac h  f u n g i ­
c id e  c o n c e n t r a t i o n  a s  w e l l  as  f o r  th e  two c o n t r o l s .  N o n t r e a te d - n o n -  
i n f e a t e d  and n o n t r e a t e d - i n f e s t e d  f l a s k s  s e r v e d  a s  c o n t r o l s .
A g l a s s  d i s h  te c h n iq u e  d e s c r ib e d  by D arrag  (25) was a l s o  u sed  in  
t e s t i n g  f o r  s y s te m ic  a c t i v i t y  o f  t h i s  f u n g i c i d e .  L arge  (7 i n  wide by 
2 1 /2  i n  deep) spec im en  d i s h e s  were s u r f a c e  s t e r i l i s e d  and r i n s e d  w i th  
s t e r i l e  d i s t i l l e d  w a te r .  About 1500 ml o f  v e r m i c u l i t e  was added to  
e ac h .  To each  d i s h  450  ml o f  3 ppm a c t i v e  Busan i n  Hd.agland'8 s o l u ­
t i o n  was added , o r  n u t r i e n t  s o l u t i o n  a lo n e  when a p p r o p r i a t e .  P o ly ­
e th y le n e  d i s k s  were c u t  s l i g h t l y  l a r g e r  th a n  th e  d i s h e s ,  and 20 h o le s  
w ere  c u t  in  e ach  d i s k  u s in g  a  number 3 c o r k b o r e r .  The p o ly e th y le n e  
d i s k s  were p la c e d  o v e r  t h e  v e r m i c u l i t e  and a s i n g l e  s u r f a c e - s t e r i l i z e d  
seed  (MD) p la c e d  i n  e a c h  h o l e .  Where a p p r o p r i a t e  15 a g a r  p lu g s  con ­
t a i n i n g  th e  fungus  w ere  added random ly  to  th e  s u r f a c e  o f  th e  d i s h e s .  
V e r m ic u l i t e  was added t o  each  d i s h  fo l lo w e d  by 200 ml o f  H o a g la n d 's  
s o l u t i o n .  The fo u r  t r e a t m e n t s  u s e d  w ere : n o n i n o c u la t e d - n o n t r e a t e d
c o n t r o l ,  n o n i n o c u l a t e d - t r e a t e d ,  i n o c u l a t e d - n o n t r e a t e d ,  and inocu la ted*- 
t r e a t e d .
RESULTS
In  V i t r o  S tu d ie s
R e s u l t s  from in  v i t r o  s t u d i e s  i n d i c a t e d  t h a t  V i ta v a x  e f f e c t i v e l y  
i n h i b i t e d  grow th  o f  R. s o l a n i  f o r  2 d a y s ,  and i n  most c a s e s  f o r  up to  
5 d a y s ,  a t  c o n c e n t r a t i o n s  as  low as  10 ppm (T ab le  1 ) .  Growth was 
g r e a t l y  s u p p re s s e d  a t  c o n c e n t r a t i o n s  and tim e p e r io d s  a l lo w in g  g ro w th , 
a s  compared w i th  c o n t r o l s .  There  was no a p p a r e n t  d i f f e r e n c e  in  amount 
o f  s u p p r e s s io n  by th e  d i f f e r e n t  c o n c e n t r a t i o n s  o f  V i ta v a x .
Demosan e f f e c t i v e l y  i n h i b i t e d  g row th  o f  R. s o l a n i  f o r  2 days a t  
c o n c e n t r a t i o n s  a s  low a s  100 ppm (T ab le  2 ) .  Growth was e i t h e r  g r e a t l y  
s u p p re s s e d  o r  i n h i b i t e d  c o m p le te ly  by c o n c e n t r a t i o n s  o f  t h e  fu n g ic id e  
t e s t e d .  Demosan a t  600 ppm s u p p re s s e d  g row th  o f  th e  fungus l e s s  th a n  
a t  o t h e r  c o n c e n t r a t i o n s  (T ab le  2 ) .  T here  was no a p p a r e n t  d i f f e r e n c e  
i n  amount o f  s u p p r e s s io n  by th e  d i f f e r e n t  c o n c e n t r a t i o n s  o f  Demosan.
Grow-out s t u d i e s  on FDA i n d i c a t e d  V i ta v a x  to  be f u n g i s t a t i c  
(T ab le  3 ) .  The fungus grew o u t  on PDA in  t h r e e  e x p e r im e n t s ,  a l th o u g h  
th e r e  was e v i d e n t l y  enough r e s i d u a l  f u n g ic id e  i n  some a g a r  d i s k s  
t r a n s f e r r e d  w i th  th e  mycelium t o  su p p re s s  g row th  o f  th e  fu n g u s .  
Experim ent 1 i n d i c a t e d  t h e r e  was a l a g  p e r io d  betw een  t r a n s f e r  o f  
th e  fungus b e f o r e  i t  resumed grow th  on f r e s h  PDA. T h is  was n o t  v e r i ­
f i e d  in  c o n s e c u t iv e  e x p e r im e n ts .
Grow-out s t u d i e s  a l s o  i n d i c a t e d  Demosan to  be f u n g i s t a t i c  
(T ab le  4 ) .  In  c o n t r a s t  w i th  V i ta v a x ,  th e  fungus grew o u t  im m e d ia te ly .  
R e s id u a l  Demosan i n  a g a r  c o n ta i n in g  100 and 600 ppm Demosan ap p ea red  
to  s t i m u l a t e  fungus g row th  (T ab le  4 ) .
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T ab le  1. Mean d ia m e te r  g row th  in  mm o f  R. s o l a n i  from 6 r e p l i c a t e s  on 
PDA e i t h e r  w i th  o r  w i th o u t  th e  75% w e t t a b l e  powder fo rm u la ­
t i o n  o f  V i ta v a x  a t  ppm and days  a f t e r  s e e d in g  i n d i c a t e d .
Expt.
No. Days
C o n c e n t r a t io n  in ppm
0 10 25 50 75 100
1 2 7 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0
4 9 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0
8 9 0 .0 1 5 .3 10 .1 7 .0 7 .0 7 .0
2 2 7 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0
4 9 0 .0 14 .5 11 .5 13 .1 11 .8 10.1
9 9 0 .0 17 .1 1 4 .8 1 6 .8 1 2 .8 1 1 .2
3 5 9 0 .0 12 .1 13 .6 15 .8 9 .3 8 .0
4 5 9 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0
5 5 9 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0
T ab le  2. Mean d ia m e te r  g row th  i n  mm o f  R. s o l a n i  from 6 r e p l i c a t e s  on 
PDA e i t h e r  w i th  o r  w i th o u t  th e  75% w e t t a b l e  powder fo rm u la ­
t i o n  o f  Demosan a t  ppm and days  a f t e r  s e e d in g  i n d i c a t e d .
E xp t.
No. Days
C o n c e n t r a t io n  in  ppm
0 100 300 600 900 1200
1 2 7 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0
4 9 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0
8 9 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0
2 2 7 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0
4 9 0 .0 9 .4 9 .4 1 1 .0 9 .6 8 .0
9 9 0 .0 1 5 .0 10 .8 2 0 .3 1 3 .4 11 .3
3 5 9 0 .0 9 .4 9 .4 1 2 .0 -
o
*
39
T ab le  3. Mean d ia m e te r  g row th  in  mm o f  R. s o l a n i  from 4 t o  6 r e p l i  
c a t e s  o n  PDA o f  a g a r  p lu g s  ta k e n  from V i ta v a x  in  v i t r o  
s t u d i e s  a t  days  a f t e r  s e e d in g  i n d i c a t e d .
E xp t. O r i g i n a l f u n g ic id e c o n c e n t r a t i o n in  ppm
No. Days 10 25 50 75 100 Chk.
1 2 7 .0 7 .0 7 .0 7 .0 7 .0 5 0 .0
4 7 .0 7 .0 7 .0 7 .0 7 .0 9 0 .0
13 83 .7 38 .6 2 3 .4 32 .6 1 9 .2 9 0 .0
2 4 7 2 .0 6 5 .7 3 3 .2 4 8 .5 4 8 .7 9 0 .0
3 2 4 9 .0 2 1 .0 1 7 .0 1 7 .0 5 0 .0
4 - 9 0 .0 6 5 .0 5 0 .0 4 0 .0 9 0 .0
8 - 9 0 .0 9 0 .0 9 0 .0 9 0 .0 9 0 .0
T ab le  4 . Mean d ia m e te r  g row th  i n  mm o f  R. s o l a n i  from 4 to  6 r e p l i c a t e :  
on PDA o f  a g a r  p lu g s  ta k e n  from Demosan in  v i t r o  s t u d i e s  a t  
days  a f t e r  s e e d in g  i n d i c a t e d .
E x p t . O r i g i n a l  f u n g ic id e  c o n c e n t r a t i o n  in ppm
No. Days 100 300 600 900 1200 Chk
1 2
4
5 8 .3  1 4 .6  6 3 .3  1 1 .6  
9 0 .0  4 0 .5  9 0 .0  39 .2
7 .0
2 2 .8
5 0 .0
9 0 .0
2 4 8 7 .5  5 3 .7  9 0 .0  73 .7 8 7 .5 9 0 .0
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F u n g ic id e  B io a s s a y  S tu d le a
B io a ss a y  s t u d i e s  w i th  V i t a v a x - t r e a t e d  p l a n t s  showed no p a r t i c u l a r  
p a t t e r n  o f  f u n g ic id e  t r a n s l o c a t i o n  t o  th e  v a r i o u s  p l a n t  p a r t s  (T a b le  5 ) .  
Root e x t r a c t s  d id  n o t  c o n s i s t e n t l y  I n h i b i t  g ro w th  o f  R. s o l a n i  any more 
th a n  d id  s tem  o r  l e a f  e x t r a c t s .  F u r th e rm o re ,  e x t r a c t s  from n o n t r e a t e d  
c h eck  p l a n t s  i n h i b i t e d  g row th  o f  th e  fungus  as  much a s  d id  e x t r a c t s  
from t r e a t e d  p l a n t s .  An o v e r a l l  s u p p r e s s io n  o f  R. s o l a n i  g row th  by a l l  
p l a n t  e x t r a c t s  was e v id e n t  when compared t o  th e  ch eck  w hich d id  n o t  co n ­
t a i n  any p l a n t  e x t r a c t .
R e s u l t s  from  t h e  D e m o sa n - tre a te d  p l a n t s  w ere  s i m i l a r  to  th o s e  
d e s c r ib e d  f o r  V i ta v a x  (T a b le  6 ) .  A lthough  t h e r e  a p p ea re d  to  be a  t r e n d  
o f  l e s s  g row th  i n h i b i t i o n  by l e a f  e x t r a c t s ,  th e  v a r i a t i o n  be tw een  
e x p e r im e n ts  makes t h i s  t r e n d  o f  d o u b t f u l  s i g n i f i c a n c e .  As i n  th e  
V i ta v a x  b io a s s a y ,  th e  e x t r a c t s  from n o n t r e a t e d  check  p l a n t s  i n h i b i t e d  
R. s o l a n i  g row th  a s  much a s  d id  th e  e x t r a c t s  from D e m o sa n - tre a te d  p l a n t s .
T h is  b i o a s s a y  te c h n iq u e  was found most d i f f i c u l t  t o  p e r fo rm  and 
e v a l u a t e  b e c a u se  o f  th e  h ig h  in c id e n c e  o f  c o n ta m in a t io n  on p l a t e s  co n ­
t a i n i n g  th e  p l a n t  e x t r a c t s .
F u n g ic id e  V o l a t i l i t y  S tu d i e s
V o l a t i l i t y  e x p e r im e n ts  showed V i ta v a x  t o  be n o n v o l a t i l e ,  and 
Demosan to  be h i g h l y  v o l a t i l e  (T ab le  7 ) ,  A f t e r  5 d a y s ,  ( e x p e r im e n t  1 ) ,  
Demosan a t  1200 ppm a llo w ed  12 .75  mm g row th  o f  th e  fungus compared 
w i th  90 mm g row th  o f  th e  fungus  w i th  b o th  V i ta v a x  a t  100 ppm, and 
c o n t r o l s .  T h is  was s u b s t a n t i a t e d  i n  e x p e r im e n t  2 , and i n  a d d i t i o n ,  
i t  was i n d i c a t e d  t h a t  Demosan a t  100 ppm was e q u a l l y  e f f e c t i v e  in  
s u p p r e s s in g  g ro w th  o f  R. s o l a n i  a s  compared w i th  c o n t r o l s .  E xperim ent
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T ab le  5 . Mean (2 r e p s . )  d ia m e te r  g ro w th ,  in  ran, o f  R. s o l a n i  a f t e r  
daya i n d i c a t e d  on PDA w i th  o r  w i th o u t  i n d i c a t e d  p l a n t  p a r t  
e x t r a c t s  from  V i t a v a x - t r e a t e d  c o t t o n  s e e d l i n g s  7 days  o ld .
E xp t .
No. Days
P la n t
p a r t
C o n c e n t r a t io n i n  ppm
0 10 25 50 75 100 Chk
1 6 R oo ts 4 0 .0 7 .0 7 .0 7 .0 7 .0 7 .0 9 0 .0
6 Stems 5 0 .0 1 5 .0 7 .0 1 2 .0 7 .0 7 .0 9 0 .0
6 Leave s 4 0 .0 1 5 .0 5 4 .0 9 0 .0 6 5 .0 5 0 .0 9 0 .0
2 5 R oots _ 1 5 .0 7 .0 7 .0 7 .0 7 .0 9 0 .0
5 Stems - 8 .0 7 .0 7 .0 7 .0 7 .0 9 0 .0
5 Leaves - 7 .0 7 .0 7 .0 7 .0 7 .0 9 0 .0
3 3 R oots 7 .0 12 .5 7 .0 7 .0 57 .5 7 .0 9 0 .0
3 Stems 2 2 .0 18 .5 7 .0 31 .5 7 .0 7 .0 9 0 .0
3 Leaves 2 2 .0 7 .0 7 .0 6 6 .5 4 2 .5 7 .0 9 0 .0
T ab le 6 . Mean (2 r e p s . )  d ia m e te r  g row th  in  mm o f  R. s o l a n i  a f t e r  days 
i n d i c a t e d  on PDA w i th  o r  w i th o u t  i n d i c a t e d  p l a n t  p a r t  e x t r a c t s  
f r a n  D e m o sa n - t r e a te d  c o t t o n  s e e d l i n g s  7 days  o l d .
E xp t .
No. Days
P la n t
p a r t
C o n c e n t r a t io n  i n  ppm
0 100 300 600 900 1200 Chk
1 6 R oo ts 5 0 .0 9 0 .0 2 5 .0 25 .0 4 5 .0 1 2 .0 9 0 .0
6 Stems - 9 0 .0 6 0 .0 28 .0 5 5 .0 6 0 .0 9 0 .0
6 Leaves 9 0 .0 9 0 .0 8 5 .0 9 0 .0 8 5 .0 8 0 .0 9 0 .0
2 5 R oots 7 .0 7 .0 7 .0 17.5 7 .0 7 .0 9 0 .0
5 Stems - 7 .0 18 .5 1 6 .0 14 .5 7 .0 9 0 .0
5 Leaves 2 0 .0 1 5 .0 14 .5 8 0 .0 17 .5 1 3 .5 9 0 .0
3 3 R oots 7 .0 7 .0 35 .5 13 .0 7 .0 7 .0 9 0 .0
3 Stems 1 6 .2 7 .0 10 .5 17 .5 17 .5 7 .0 9 0 .0
3 Leaves 17 .5 7 .0 1 0 .0 7 .0 2 0 .0 9 0 .0 9 0 .0
4 3 R oots 7 .0 7 .0 7 .0 7 .0 7 .0 7 .0 9 0 .0
3 Stems 1 9 .0 1 2 .0 2 1 .0 1 4 .0 1 7 .0 1 5 .0 9 0 .0
3 Leaves 2 1 .0 1 7 .0 1 9 .0 1 9 .0 1 6 .0 2 2 .0 9 0 .0
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T ab le  7 . Mean d ia m e te r  g ro w th  i n  ran o f  R. s o l a n i  from 2 t o  4 r e p l i ­
c a t e s  on PDA i n  g l a s s  v a p o r  cham bers c o n ta i n in g  V i ta v a x  (V) 
o r  Demosan (D) a t  ppm and d ay s  a f t e r  s e e d in g  i n d i c a t e d .
E xp t. C o n c e n t r a t  io n i n  ppm
No. Days D1200 D600 D300 D100 V100 V50 Chk
1 3 9 .7 1 9 .5 7 4 .5 7 9 .0 8 3 .5
5 1 2 .7 2 2 .0 9 0 .0 9 0 .0 9 0 .0
14 2 5 .0
2 2 7 .5 1 1 .5 7 .5 8 .0 4 9 .0 5 0 .0
4 9 .5 1 5 .0 1 0 .0 9 0 .0 9 0 .0
6 10 .5 1 6 .5 1 7 .0 9 0 .0 9 0 .0
3 2 1 0 .0 5 7 .0
6 1 7 .0 9 0 .0
T ab le  8. Mean d ia m e te r  g ro w th  i n  ran o f  R. s o l a n i  
PDA o f  a g a r  p lu g s  ta k e n  from V ita v a x  (V) 
v o l a t i l i t y  s t u d i e s  a t  d a y s  a f t e r  s e e d in g
from 2 r e p l i c a t e s  on 
and Demosan (D) 
i n d i c a t e d .
E xp t. O r i g i n a l  f u n g ic id e c o n c e n t r a t i o n  i n  ppm
No. Days D1200 D300 D100 Chk
1 2 6 7 .7 4 9 .5
2 2 9 0 .0 9 0 .0  5 5 .0
3 2
4
7 3 .0  5 0 .0
9 0 .0  9 0 .0
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3 showed, a f t e r  6 d a y s ,  17 mm g ro w th  f o r  th e  fu n g u s  a t  Demosan 100 
ppm, compared w i th  th e  c o n t r o l  o f  90 ran.
G row -out s t u d i e s  were c o n d u c ted  w i t h  a g a r  p lu g s  from v o l a t i l i t y  
e x p e r im e n ts  j u s t  a s  had been  done w i th  i n  v i t r o  s t u d i e s .  R e s u l t s  
i n d i c a t e d  t h a t  i n  e v e ry  i n s t a n c e  th e  fungus  from cham bers o f  Demosan, 
a t  a l l  ppm, grew o u t  im m e d ia te ly ,  a s  compared w i th  c o n t r o l s  (T ab le  8 ) .  
R e s u l t s  i n d i c a t e d  th e  f u n g ic id e  t o  be f u n g i s t a t i c  i n  v ap o r  cham bers .
T r a n s l o c a t i o n  S tu d i e s  w i th  R a d io la b e le d  Compounds
A u to ra d io g ra p h y . V i ta v a x  was shown t o  be r e a d i l y  ta k e n  up and 
t r a n s l o c a t e d  upward by c o t t o n  s e e d l i n g s  when a p p l i e d  to  c o t t o n  s e e d l in g  
r o o t s  in  l i q u i d  c u l t u r e s  ( P l a t e  2 ) ;  t o  d r y  seed  ( P l a t e  3 ) ;  o r  to  g e rm i­
n a te d  seed  ( P l a t e  4 ) .  No a p p a r e n t  d i f f e r e n c e  i n  u p ta k e  was n o te d  upon 
e x a m in a t io n  o f  a u to r a d io g r a p h s  o f  s e e d l i n g s  t r e a t e d  f o r  12, 24, 4 8 ,  or 
72 h r  a f t e r  g e r m in a t io n  o f  s e e d .  No a p p a r e n t  d i f f e r e n c e  in  u p ta k e  was 
n o te d  in  s e e d l i n g s  h e ld  f o r  12, 24, o r  48 h r  in  t h e  a e r a t i o n  t r a i n .
V i ta v a x  was shown to  e x h i b i t  upward sy s te m ic  t r a n s l o c a t i o n ,  and 
l i m i t e d  downward sy s te m ic  t r a n s l o c a t i o n  i n  c o t t o n  s e e d l i n g s  when 
a p p l i e d  to  th e  c o ty le d o n s  ( P l a t e  5 ) .  Upward movement was shown by th e  
a p i c a l  bud b e in g  l a b e l e d  w i th  i s o t o p e .  Downward t r a n s l o c a t i o n  was q u i t e  
e v id e n t  upon e x a m in a t io n  o f  th e  a u to r a d io g r a p h ,  b u t  was l i m i t e d  
b e c a u s e  movement i n t o  th e  r o o t s  was n e v e r  o b s e rv e d .
Demosan was a l s o  shown t o  be ta k e n  up r e a d i l y  and s y s t e m l c a l l y  
t r a n s l o c a t e d  upward when a p p l i e d  to  c o t t o n  s e e d l i n g  r o o t s  i n  l i q u i d  
c u l t u r e s  ( P l a t e  6 ) ;  t o  d ry  seed  ( P l a t e  7 ) ;  o r  to  g e rm in a te d  seed  
( P l a t e  8 ) .  No a p p a r e n t  d i f f e r e n c e  in  u p ta k e  was n o te d  i n  s e e d l i n g s  
t r e a t e d  f o r  12, 24, 4 8 ,  o r  72 h r  a f t e r  g e r m in a t io n ,  n o r  i n  s e e d l i n g s  
h e ld  f o r  12, 24, o r  48 h r  i n  t h e  a e r a t i o n  t r a i n .
P la te  2 A u to ra d io g ra p h  o f  f r e e z e - d r i e d  c o t t o n  s e e d l in g  f o l lo w in g  
r o o t  u p ta k e  v i a  f l a s k  o f  r a d i o l a b e l e d  V i ta v a x .  F ilm  
exposed  10 wk.
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P l a t e  3. A u to ra d io g ra p h  o f  f r e e z e - d r i e d  c o t t o n  s e e d l in g  fo l lo w in g
seed  t r e a tm e n t  i n  th e  d ry  s t a t e  w i th  r a d i o l a b e l e d  V i ta v a x .  
F ilm  exposed  14 wk.
P la te  4
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A utoradiograph o f  f r e e z e -d r ie d  c o tto n  s e e d lin g  fo llo w in g
treatm ent o f  a 48 hr o ld  germ inated seed  w ith  r a d io la b e le d
V ita v a x . Film  exposed  8 wk.
P la te  5
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A utoradiograph o f  fr e e z e -d r ie d  c o tto n  s e e d lin g  showing
downward movement o f  c o ty le d o n -a p p lie d  r a d io la b e le d
V ita v a x . Film  exposed 12 wk.
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P la te  6 . A utoradiograph o f  o v en -d r ied  c o tto n  s e e d lin g  fo llo w in g
ro o t uptake v ia  f la s k  o f  r a d io la b e le d  Demosan. Film
exposed 14 wk.
P la te  7
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A u to ra d io g ra p h  o f  f r e e z e - d r i e d  c o t t o n  s e e d l in g  fo l lo w in g  
seed  t r e a tm e n t  i n  th e  d ry  s t a t e  w i th  r a d i o l a b e l e d  Demosan. 
F ilm  exposed  10 wk.
P la te  8
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A utoradiograph o f  fr e e z e -d r ie d  c o tto n  s e e d lin g  fo llo w in g
treatm ent o f  a 48 hr o ld  germ inated seed  w ith  r a d io la b e le d
Demosan. F ilm  exposed 8 wk.
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Demosan was shown t o  e x h i b i t  upward sy s te m ic  t r a n s l o c a t l o n  and 
l i m i t e d  downward s y s te m ic  t r a n s l o c a t i o n  i n  c o t t o n  s e e d l i n g s  when 
a p p l i e d  t o  c o t y l e d o n s  ( P l a t e  9 ) .  T r a n s l o c a t i o n  downward i n t o  t h e  
r o o t s  was n o t  o b s e r v e d .
A u to ra d io g r a p h s  from D e m o sa n - t r e a te d  t i s s u e s  i n d i c a t e d  t h a t  t h e  
f u n g i c i d e  appea red  t o  c o l l e c t  i n  l y s i g e n o u s  c a v i t i e s  o f  t h e  c o t t o n  
p l a n t .  However, p r i n t s  made from t h e  o r i g i n a l  a u t o r a d i o g r a p h s  do n o t  
show t h i s  c l e a r l y .  The c o n d i t i o n  was n o t  found in  any a u t o r a d i o g r a p h s  
o f  V i t a v a x - t r e a t e d  t i s s u e s .
A u to ra d io g r a p h s  p r e s e n t e d  i n  t h i s  d i s s e r t a t i o n  a r e  o f  c o t t o n  
p l a n t s  which were e i t h e r  o v e n - d r i e d  o r  f r e e z e - d r i e d .  No a p p a r e n t  
a r t i f a c t s  due t o  oven d r y i n g ,  as  r e p o r t e d  by Wang and W i l l i s  (1 2 1 ) ,  
were o b se rv ed  i n  t h e  p r e s e n t  s tu d y .
T h i n - l a y e r  Chromatography
T h i n - l a y e r  ch rom atog raphy  w i t h  Demosan showed t h e  f u n g i c i d e  t o  
be sy s te m ic  i n  c o t t o n  s e e d l i n g s ,  and t o  be t r a n s l o c a t e d  th ro u g h  t h e  
p l a n t  i n  i t s  o r i g i n a l  form. Demosan was n o t  b roken  down o r  m e t a b o l i z e d  
by c o t t o n  s e e d l i n g s .  F ig u r e  1 shows t h e  r e s u l t s  o f  ex p e r im en t  1 w i th  
e x t r a c t s  o f  D e m o sa n - t r ea te d  p l a n t s  ( s o l i d  l i n e )  and th e  Demosan 
s t a n d a r d  ( d o t t e d  l i n e ) .  A v e r y  l a r g e  i n c r e a s e  i n  r a d i o a c t i v i t y  was 
p r e s e n t  i n  sample number 12 f o r  b o th  t h e  e x t r a c t  and t h e  s t a n d a r d ,  
i n d i c a t i n g  t h e  l a b e l e d  compound e x t r a c t e d  from p l a n t s  c o -c h ro m a to -  
g raphed  w i t h  Demosan on S i l i c a  Gel G.
F ig u r e  2 shows r e s u l t s  o f  e x p e r im e n t  2 u s i n g  two e x t r a c t s  o f  
D em o san - t r ea ted  c o t t o n  s e e d l i n g s .  No Demosan s t a n d a r d  was p r e s e n t  in  
Che second e x p e r im e n t .  Both e x t r a c t s  showed a  peak  i n  r a d i o a c t i v i t y
P la te  9
52
A utoradiograph o f  f r e e z e -d r ie d  c o tto n  s e e d lin g  showing
downward movement o f  c o ty le d o n -a p p lie d  Demosan. Film
exposed 12 wk.
F i g u r e  1. Graph o f  r e s u l t s  o f  t h i n - l a y e r  ch rom atog raphy  o f  Demosan 
a s  shown by  l i q u i d  s c i n t i l l a t i o n  c o u n t s  o f  c o n s e c u t i v e  
1 cm cones  o f  S i l i c a  Gel G p l a t e .  S o l i d  l i n e ,  e x t r a c t  1 
d o t t e d  l i n e ,  s t a n d a r d .
• 
r
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F i g u r e  2. Graph o f  r e s u l t s  o f  t h i n - l a y e r  ch rom atog raphy  o f  Demosan 
a s  shown by  l i q u i d  s c i n t i l l a t i o n  c o u n t s  o f  c o n s e c u t i v e  1 
cm zones  o f  S i l i c a  Gel G p l a t e .  D o t ted  l i n e ,  e x t r a c t  1; 
s o l i d  l i n e ,  e x t r a c t  2.
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i n  t h e  same sample number,  I n d i c a t i n g  t h e  two e x t r a c t s  behaved 
c h r o m a t o g r a p h i c a l l y  l i k e  unchanged Demosan on S i l i c a  Gel G.
An e s t i m a t e d  Rf v a l u e  f o r  Demosan was c a l c u l a t e d  t o  be  . 7 0 ,  
d e te r m in e d  by d i v i d i n g  sample  number 12 by  17, t h e  t o t a l  number of 
s am ples .
No m e t a b o l i t e s  o r  breakdown p r o d u c t s  o f  Demosan were d e t e c t e d  
by t h i n - l a y e r  ch rom atography  i n  any o f  t h e  p l a n t  e x t r a c t s .
S t u d i e s  w i t h  Busan
R e s u l t s  o f  e x p e r i m e n t s  u s i n g  t h e  f l a s k  t e c h n i q u e  i n d i c a t e d  Busan 
t o  be h i g h l y  p h y t o t o x i c  and n o n s y s te m ic  (T ab le  9 ) .  In  some i n s t a n c e s  
p h y t o t o x i c i t y  was so s e v e r e  t h a t  i t  was d i f f i c u l t  t o  s e p a r a t e  c o r r e c t l y  
d e a t h  o f  s e e d l i n g s  due t o  R. s o l a n i  from d e a t h  due t o  t h e  f u n g i c i d e .
R e s u l t s  o f  t h e  g l a s s  d i s h  t e c h n i q u e  f o r  d e t e r m i n i n g  s y s t e m ic  
a c t i v i t y  o f  Busan showed th e  compound t o  be n o n sy s te m ic  as  i n d i c a t e d  
by d e a t h  o f  a l l  s e e d l i n g s  i n  t h e  d i s h  c o n t a i n i n g  R. s o l a n i  and Busan 
(Tab le  10).  The f a c t  t h a t  t h e  d i s h  c o n t a i n i n g  no f u n g u s - p l u s  f u n g i c i d e  
had 10 s e e d l i n g s  s u r v i v i n g ,  a s  compared w i t h  11 s e e d l i n g s  s u r v i v i n g  i n  
t h e  d i s h  c o n t a i n i n g  no fungus  p l u s  no f u n g i c i d e ,  i n d i c a t e d  t h a t  Busan 
i s  e v i d e n t l y  l e s s  p h y t o t o x i c  when used  i n  an e x p e r im en t  o f  t h i s  t y p e .
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T ab le  9.  Mean p e r c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  from f o u r  e x p e r i ­
m ents  u s i n g  t h e  f l a s k  t e c h n i q u e  t o  measure  s y s t e m ic  a c t i v i t y  
o f  Busan a g a i n s t  R. s o l a n i . ^
R a te s  i n
J>P-m
With o r  
w i t h o u t  
R. s o l a n i 1 2 3 4
0 . 1 0 0 .0  100 .0 1 0 0 .0  100 .0
0 + 1 0 0 .0  1 0 0 .0 5 0 .0  100 .0
0 .5 + 5 0 .0
1 + 2 5 .0
2 + 3 0 . 0
3 + 0 . 0 37 .5  100 .0
6 + 0 . 0 6 2 .5  5 0 .0
9 + 0 . 0 2 5 .0  0 . 0
10 + 12 .5 12 .5
12 + 0 . 0 25 .0
25 + 2 5 .0
50 + 27 .5
75 + 1 2 .5
100 + 0 . 0
300 + 12 .5
600 + 2 5 .0
900 + 5 0 .0
1 ,200 + 0 . 0
^ P h y t o t o x i c i t y  n o t e d  i n  a l l  l e v e l s w i t h  i n c r e a s e d  s e v e r i t y  w i t h  i n c r e a s e
i n  ppm.
T a b le  10.  R e s u l t s  u s i n g  g l a s s  d i s h  t e c h n i q u e  t o  measure  s y s te m ic
a c t i v i t y  o f  Busan a g a i n s t  R. s o l a n i  i n  c o t t o n  s e e d l i n g s .
Fungus/ Fungus / No Fungus / No Fungus /
No F u n g ic id e F u n g ic id e No F u n g ic id e F u n g ic id e
No s u r v i v i n g  N o . s u r v i v i n g  11 s e e d l i n g s  10 s e e d l i n g s
s e e d l i n g s  s e e d l i n g s  s u r v i v i n g  o f  s u r v i v i n g  o f
25 p l a n t e d  25 p l a n t e d
CONCLUSIONS AND DISCUSSION
l a  V i t r o  S t u d i e s
R e s u l t s  o b t a i n e d  from i n  v i t r o  s t u d i e s  w i th  V i t a v a x  a r e  i n  g e n e r a l  
ag reem en t  w i th  t h o s e  o b t a i n e d  by Borum ( 7 ) .  Using  a t e c h n i q u e  s i m i l a r  
t o  t h a t  employed h e r e ,  t h a t  w orke r  r e p o r t e d  com ple te  i n h i b i t i o n  o f  
growth  o f  R. s o l a n i  by V i t a v a x  75W f o r  4 days  a t  5 ppm. At 1 ppm 
V i t a v a x  a l lo w ed  1 .7  cm growth  a s  compared to  9 cm growth f o r  c o n t r o l s  
a f t e r  4 d a y s .  Tab le  1 i n  t h i s  d i s s e r t a t i o n  shows com ple te  i n h i b i t i o n  o f  
growth o f  R. s o l a n i  f o r  2 d a y s ,  and i n  some i n s t a n c e s  f o r  up to  5 days 
a t  10 ppm. Grow-out s t u d i e s  were c o n d u c ted  to  d e t e r m in e  i f  V i t a v a x  was 
f u n g i t o x l c  o r  f u n g i s t a t i c .  R e s u l t s  (T ab le  3) showed th e  fungus  grew 
o u t  i n  a l l  c a s e s ,  i n d i c a t i n g  V i t a v a x  t o  be f u n g i s t a t i c .  I n  one e x p e r i ­
ment i t  was r e c o r d e d  t h a t  V i ta v a x  e v i d e n t l y  s u p p r e s s e d  growth o f  th e  
fungus  even  a f t e r  t r a n s f e r  o f  a g a r  d i s k s  c o n t a i n i n g  th e  fungus to  f r e s h  
a g a r .  T h i s  was n o t  found t o  be a g e n e r a l  o c c u r r e n c e  i n  l a t e r  e x p e r i ­
ments  .
D a r rag  (23) r e p o r t e d  t h a t  Demosan i n h i b i t e d  growth o f  R. s o l a n i  
i n  v i t r o  a t  150 ppm f o r  up to  4 d a y s .  R e s u l t s  from th e  s tu d y  r e p o r t e d  
h e r e i n ,  (T ab le  2) s u b s t a n t i a t e d  t h i s  (100 ppm), b u t  showed t h a t  t h e  
fungus  w i l l  b e g in  to  grow o u t  a f t e r  4 o r  5 d a y s ,  a l t h o u g h  to  a l i m i t e d  
e x t e n t .  Hock and S i s l e r  (70)  r e p o r t e d  t h a t  l i q u i d  c u l t u r e  s t u d i e s  
showed t h a t  R. s o l a n i  m e t a b o l i z e d  Demosan t o  a n o n t o x i c  m e t a b o l i t e ,
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2 , 5 - d i c h l o r o - 4 - m e t h o x y p h e n o l ,  a t  a r a t e  o f  54% i n  24 h r .  T h i s  co u ld  
p o s s i b l y  e x p l a i n  t h e  a b i l i t y  o f  R. s o l a n i  to  e x e r t  l i m i t e d  growth on 
PDA c o n t a i n i n g  up t o  1200 ppm Demosan a f t e r  9 days  (Tab le  2 ) .  I t  was 
n o ted  w i th  i n  v i t r o  s t u d i e s  t h a t  Demosan a t  100 and 600 ppm ap p ea re d  
t o  s u p p r e s s  growth o f  R. s o l a n i  l e s s  t h a n  a t  o t h e r  c o n c e n t r a t i o n s ,  
a l t h o u g h  i t  i s  d o u b t f u l  t h a t  t h e  d i f f e r e n c e  i s  s i g n i f i c a n t .
Grow-out s t u d i e s  d e s ig n e d  to  d e t e r m in e  i f  Demosan was f u n g i t o x i c  
o r  f u n g i s t a t i c  showed t h a t  th e  fungus  was a b l e  to  grow o u t  im m edia te ly  
and t h e r e f o r e  was f u n g i s t a t i c .  The i n c r e a s e d  growth  i n  some p l a t e s  
o v e r  c o n t r o l s  can  be e x p l a i n e d  by t h e  g r e a t e r  amount o f  growth  p r e s e n t  
on inocu lum d i s k s  u sed  i n  p l a t e s  o t h e r  t h a n  c o n t r o l s .  C o n t r o l  p l a t e s  
r e c e i v e d  a 7 mm inoculum d i s k ,  whereas  o t h e r  p l a t e s  r e c e i v e d  i n t a c t  
growth o f  v a r i o u s  s i z e s  t a k e n  from i n  v i t r o  s t u d i e s .
F u n g ic id e  B lo a ss ay  S t u d i e s
The t e c h n i q u e  u sed  i n  t h e  b i o a s s a y  s t u d i e s  was e x t r e m e ly  po o r ,  
and r e s u l t s  o b t a i n e d  a r e  o f  l i m i t e d  v a l u e .  The t e c h n i q u e  always 
a l lo w ed  c o n s i d e r a b l e  c o n t a m i n a t i o n  o f  c u l t u r e  p l a t e s .  P o s s i b l y  t h i s  
was due to  f a i l u r e  to  p r o p e r l y  s u r f a c e - s t e r i l i z e  p l a n t  p a r t s ,  b u t  may 
a l s o  have  r e s u l t e d  from b a c t e r i a l  c o n t a m i n a t i o n  o r i g i n a t i n g  i n t e r n a l l y  
i n  t h e  c o t t o n  p l a n t s .  Both fu n g a l  and b a c t e r i a l  c o n t a m i n a t i o n  were 
n o te d  i n  a l l  e x p e r i m e n t s ,  and a n t i b i o t i c  p r o d u c t i o n  by t h e s e  o rgan ism s  
g r e a t l y  d i s t o r t e d  R. s o l a n i  g row th ,  and c o n s e q u e n t l y  growth m easu re ­
m e n t s .  Expe r im en ts  were s h o r t - l i v e d  because  o f  th e  e v e r - p r e s e n t  con­
t a m i n a t i o n .  Th is  worker  s e r i o u s l y  do u b ts  t h e  v a l i d i t y  o f  t h i s  b i o ­
a s s a y  t e c h n i q u e  f o r  d e t e r m i n i n g  s y s t e m ic  a c t i v i t y  o f  f u n g i c i d e s  i n  
c o t t o n  s e e d l i n g s .
The t e c h n i q u e  u sed  i n  b i o a s s a y  s t u d i e s  was m o d i f i e d  from t h a t  d e ­
s c r i b e d  by D arrag  ( 2 3 ) ,  a l t h o u g h  t h a t  worker  r e p o r t e d  no r e s u l t s  by 
u se  o f  t h e  t e c h n i q u e .  R e s u l t s  o f  two e x p e r im e n t s  w i th  Demosan r e p o r t e d  
by D arrag  (23) u s i n g  a second t e c h n i q u e  a r e  n o t  i n  ag reement  w i th  r e s u l t s  
o b t a i n e d  i n  t h i s  s t u d y .  That  worker  r e p o r t e d  t h a t  " r e s u l t s  showed a 
s i g n i f i c a n t  d e c r e a s e  i n  r a d i a l  growth o f  R. s o l a n i  when p l a t e d  on a g a r  
c o n t a i n i n g  e x t r a c t s  from c o t t o n  s e e d l i n g s  t r e a t e d  w i th  i n c r e a s e d  con­
c e n t r a t i o n s  o f  th e  f u n g i c i d e . "
R e s u l t s  from th e  p r e s e n t  s tu d y  d i d  no t  show a d e c r e a s e  i n  growth 
o f  th e  fungus  w i th  I n c r e a s e  i n  c o n c e n t r a t i o n  o f  f u n g i c i d e  u s e d .
R e s u l t s  d i d  show, however,  an  o v e r a l l  s u p p r e s s i o n  o f  R. s o l a n i  by a l l  
p l a n t  p a r t  e x t r a c t s  i n c l u d i n g  t h o s e  from n o n t r e a t e d  s e e d l i n g s .  This  
s u g g e s t e d  t h e  v e r y  a p p a r e n t  p o s s i b i l i t y  o f  a fungus  i n h i b i t o r  i n  th e  
n o n - t r e a t e d  t i s s u e  e x t r a c t s .
Allam (2 ,  3) o b t a i n e d  d a t a  showing i n h i b i t i o n  o f  growth o f  R.
s o l a n i  by e x t r a c t s  o f  V i t a v a x - t r e a t e d  c o t t o n s e e d ,  g e rm in a te d  f o r  up 
to  84 h r ,  to  be d i r e c t l y  p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n  o f  f u n g i c i d e  
a p p l i e d .  The same a u t h o r  found by TLC s t u d i e s  t h a t  V i t a v a x  co u ld  be 
e a s i l y  d e m o n s t r a t e d  a f t e r  5 o r  10 d a y s .  However, a f t e r  10 d a y s ,  t h e r e  
were fewer s p o t s  on TLC p l a t e s ,  and t h o s e  s p o t s  p r e s e n t  were o f  a low 
i n t e n s i t y .  That worker  a t t r i b u t e d  th e  d i f f e r e n c e  i n  s p o t t i n g  o f  TLC 
p l a t e s  a f t e r  5 and 10 days  to  be due t o  one o r  more o f  s e v e r a l  p o s s i b l e  
f a c t o r s .  These were:  1) t h e  f u n g i c i d e  was m e t a b o l i z e d  to  some e x t e n t  
a f t e r  10 d a y s ;  2) t h e  f u n g i c i d e  was n o n e x t r s c t a b l e  a f t e r  10 d a y s ;  and 
3) t e c h n i q u e  f a i l u r e .  Using  c o l o r i m e t r i c  a n a l y s e s  o f  wheat and b a r l e y  
p l a n t s ,  Chin  and S tone  (15) r e p o r t e d  t h a t  V i ta v a x  was a b so rb ed  and
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t r a n s l o c a t e d  upward f o l l o w i n g  seed  t r e a t m e n t ,  b u t  t h e  c o n c e n t r a t i o n s  i n  
ppm o f  r e s i d u e s  i n  t h e  p l a n t  t i s s u e s  were d i l u t e d  s i g n i f i c a n t l y  by p l a n t  
g row th .  P o s s i b l y  t h i s  e x p l a i n s  why th e  work r e p o r t e d  h e r e i n  f a i l s  to  
show a p r o g r e s s i v e  i n h i b i t i o n  o f  growth o f  R. s o l a n i  when p l a t e d  on PDA 
p l a t e s  c o n t a i n i n g  e x t r a c t s  o f  14 day o l d  s e e d l i n g s  t r e a t e d  w i th  p r o ­
g r e s s i v e l y  l a r g e r  amounts o f  V i t a v a x .
F u n g ic id e  V o l a t i l i t y  S t u d i e s
V o l a t i l i t y  s t u d i e s  were cond u c ted  w i th  V i ta v a x  and Demosan to  
d e te r m in e  i f  v o l a t i l i t y  co u ld  be a f a c t o r  i n  r e s u l t s  o b t a i n e d  in  t h i s  
l a b o r a t o r y  by o t h e r  w orkers  u s i n g  th e  f l a s k  t e c h n i q u e .  R e s u l t s  ob ­
t a i n e d  i n  t h e  v o l a t i l i t y  e x p e r im e n t s  were s u r p r i s i n g ,  and showed t h a t  
V i ta v a x  i s  n o n v o l a t i l e ,  w h i l e  Demosan i s  h i g h l y  v o l a t i l e .  The r e p o r t  
o f  c o n t r o l  o f  R. s o l a n i  i n  c o t t o n  s e e d l i n g s  w i th  V i t a v a x ,  u s i n g  th e  
f l a s k  t e c h n i q u e ,  (7 ,  8) r em a ins  u n a f f e c t e d  by t h e s e  r e s u l t s .  However, 
t h e  r e p o r t  o f  c o n t r o l  o f  R. s o l a n i  i n  c o t t o n  s e e d l i n g s  by Demosan (104) 
u s i n g  th e  f l a s k  t e c h n i q u e ,  i s  now open to  s e r i o u s  q u e s t i o n .  I t  i s  
q u i t e  p o s s i b l e  t h a t  c o n t r o l  o f  R. s o l a n i  i n  c o t t o n  w i th  Demosan, u s i n g  
th e  f l a s k  t e c h n i q u e ,  r e s u l t e d  from t h e  co m b in a t io n  o f  two f a c t o r s :
1) sy s te m ic  t r a n s l o c a t i o n  as  s p e c u l a t e d  i n  t h e  r e p o r t ;  and 2) d i r e c t  
a c t i o n  on th e  fungus  by the  f u n g i c i d e  v a p o r s  as  d e m o n s t r a t ed  i n  t h e  
p r e s e n t  s t u d y .  I t  i s  h i g h l y  p ro b a b le  t h a t  Demosan a c t s  d i r e c t l y  on 
th e  fungus  i n  i t s  i n t a c t  form ( 7 0 ) .  I n  t h e  s tu d y  r e p o r t e d  h e r e i n  t h e  
v o l a t i l e  component o f  Demosan was n o t  i d e n t i f i e d ,  b u t  i t  i s  su rm ised  
t h a t  t h e  e n t i r e  m o lecu le  i s  v o l a t i l e  s i n c e  i t  was h i g h l y  e f f e c t i v e  i n  
s u p p r e s s i n g  growth o f  R. s o l a n i .
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The d a t a  r e p o r t e d  from v o l a t i l i t y  s t u d i e s  l e a d  to  a s e r i o u s  c r i t i ­
c i sm  o f  t h e  f l a s k  t e c h n i q u e  ( 2 5 ) ,  and s e r v e  to  p o i n t  o u t  t h a t  the  
t e c h n i q u e  can  be u sed  w i th  a c c u r a c y  o n ly  a f t e r  a f u n g i c i d e  has  been  
shown t o  be n o n - v o l a t i l e .  R e s u l t s  r e p o r t e d  u s i n g  t h e  f l a s k  t e c h n i q u e  
s h o u ld  be i n t e r p r e t e d  w i th  t h i s  i n  mind.
Grow-out s t u d i e s  condi^cted w i th  a g a r  d i s k s  c o n t a i n i n g  th e  fungus  
t a k e n  from v o l a t i l i t y  s t u d i e s ,  v e r i f i e d  once a g a i n  t h a t  Demosan i s  
f u n g i s t a t i c  t o  R. s o l a n i . The fungus grew o u t  im m ed ia te ly  i n  a l l  t e s t s  
c o n d u c te d .  The l a r g e r  d i a m e t e r  growth  o f  th e  fungus  on p l a t e s  con­
t a i n i n g  d i s k s  from th e  v o l a t i l i t y  e x p e r im e n t s  a s  compared w i th  c o n t r o l s ,  
can  be p a r t i a l l y  e x p l a i n e d  by th e  l a r g e r  inoculum used  i n  a l l  p l a t e s  
o t h e r  t h a n  c o n t r o l s .  However,  i t  was n o t e d ,  b u t  n o t  s u b s t a n t i a t e d ,  t h a t  
Demosan i n  t r a c e  amounts m igh t  a c t u a l l y  s t i m u l a t e  growth o f  t h e  fu n g u s .
T r a n s l o c a t i o n  S t u d i e s  With R a d i o l a b e l e d  Compounds
A u t o r a d i o g r a p h y . F i e l d i n g  and Rhodes (52) o b t a i n e d  a u t o r a d i o ­
g rap h s  o f  c o t t o n  s e e d l i n g s  t h a t  had been  grown i n  s o i l  t r e a t e d  w i th  
l a b e l e d  Demosan f o r  1, 2, and 4 weeks.  These a u t o r a d i o g r a p h s  showed 
t h a t  Demosan was a b so r b ed  and d i s t r i b u t e d  q u i t e  u n i f o r m ly  to  t h e  r o o t s ,  
lower  s tem s ,  and c o t y l e d o n s  o f  t h e  s e e d l i n g s ,  b u t  o c c u r r e d  i n  r e l a t i v e l y  
low c o n c e n t r a t i o n s  i n  t h e  t r u e  l e a v e s .  These w orkers  i n t e r p r e t e d  t h e i r  
a u t o r a d i o g r a p h s  to  show t h a t  th e  p a r t s  o f  th e  p l a n t  n o rm a l ly  exposed  
t o  a t t a c k  by s o i l  f u n g i  ( r o o t s ,  lower  s tem ,  c o t y l e d o n s )  were p r o t e c t e d  
by Demosan, and t h a t  " t h e r e  i s  l i t t l e  t endency  f o r  th e  ch em ica l  to  
s p re a d  to  o t h e r  p a r t s  o f  t h e  p l a n t . "
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A u to ra d io g r a p h s  o f  D e m o sa n - t r e a te d  c o t t o n  s e e d l i n g s  p r e s e n t e d  i n  
t h i s  d i s s e r t a t i o n  s u b s t a n t i a t e  th e  work o f  F i e l d i n g  and Rhodes (52) i n  
t h a t  the  f u n g i c i d e  moves s y s t e m i c a l l y  i n  c o t t o n  s e e d l i n g s .  C o t to n  
s e e d l i n g s  were shown t o  a b so r b  and  t r a n s l o c a t e  Demosan when t h e  f u n g i ­
c i d e  was a d m i n i s t e r e d  i n  l i q u i d  c u l t u r e ,  i n  v e r m i c u l i t e  w a t e r i n g s ,  o r  
as  c o t y l e d o n  a p p l i c a t i o n s .  Dry s e e d ,  and seed  t r e a t e d  a f t e r  v a r i o u s  
s t a g e s  o f  g e r m i n a t i o n  were a l s o  shown t o  ab so rb  and t r a n s l o c a t e  th e  
f u n g i c i d e .  I n  no c a s e  was any t r a n s l o c a t i o n  i n t o  s ec o n d a ry  l e a v e s  
r e c o r d e d .  The d a t a  s u b s t a n t i a t e  th e  o p i n i o n  o f  F i e l d i n g  and Rhodes 
(52) t h a t  "Demosan i s  r e t a i n e d  p r i m a r i l y  i n  t h e  lower  p o r t i o n s  as  t h e  
p l a n t  m a t u r e s . "
To t h i s  w o r k e r ' s  knowledge, t h e  a u t o r a d i o g r a p h s  c o n t a i n e d  h e r e i n  
p r o v i d e  t h e  f i r s t  d i r e c t  e v id e n c e  t h a t  Demosan i s  c a p a b l e  o f  t r a n s ­
l o c a t i n g  downward, upward,  and from c o t y l e d o n  to  c o t y l e d o n  when a p p l i e d  
t o  one c o t y l e d o n .  A u to ra d io g r a p h s  showed l i m i t e d  downward movement, 
and i n  no c a s e  was r a d i o a c t i v i t y  measured  i n  t h e  r o o t s  a f t e r  b e in g  
a p p l i e d  t o  t h e  f o l i a g e .  I t  d i d  o c c u r ,  however ,  i n  th e  s tem s .  Auto­
r a d i o g r a p h s  o f  D eroosan - t rea ted  c o t t o n  s e e d l i n g s  showed t h e  r a d i o ­
a c t i v i t y  c o l l e c t e d  i n  t h e  l y s i g e n o u s  c a v i t i e s  o f  c o t t o n  s e e d l i n g s .  
Although  F i e l d i n g  and Rhodes (52) made no m e n t io n  o f  t h i s ,  t h e i r  a u t o ­
r a d i o g r a p h s  show t h e  same to  be t r u e .
No r e p o r t  o f  a u t o r a d i o g r a p h y  o f  V l t a v a x - t r e a t e d  p l a n t  t i s s u e s  
i s  a v a i l a b l e .  A u to ra d io g ra p h y  o f  such t i s s u e s  p r e s e n t e d  h e r e  showed 
t h a t  V i t a v a x  was a b so rv ed  and t r a n s l o c a t e d  i n  much t h e  same f a s h i o n  
as  was Demosan. The f u n g i c i d e  c o l l e c t e d  i n  lower  p o r t i o n s  o f  c o t t o n  
s e e d l i n g s .  R a d i o a c t i v i t y  was d e t e c t e d  i n  r o o t s ,  s t em s ,  and c o t y l e d o n s
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o f  c o t t o n  s e e d l i n g s  when t h e  f u n g i c i d e  was a p p l i e d  i n  l i q u i d  c u l t u r e ,  
i n  v e n n i c u l i t e  w a t e r i n g s ,  o r  as  c o t y l e d o n  a p p l i c a t i o n s .  Dry seed  and 
s e e d  t r e a t e d  a f t e r  v a r i o u s  s t a g e s  o f  g e r m i n a t i o n  were a l s o  shown to  
a b s o r b  and t r a n s l o c a t e  V i t a v a x .  No t r a n s l o c a t i o n  i n t o  s ec o n d a ry  l e a v e s  
was n o t e d .  V i t a v a x  was shown t o  move downward f o l l o w i n g  f o l i a g e  
a p p l i c a t i o n  i n  much t h e  same manner a s  d i d  Demosan. T ha t  i s ,  l i m i t e d  
movement was o b s e r v e d ,  and a t  no t im e  was r a d i o a c t i v i t y  r e c o r d e d  i n  
t h e  r o o t s  o f  s e e d l i n g s  f o l l o w i n g  c o t y l e d o n  a p p l i c a t i o n .  There  was no 
e v id e n c e  t h a t  V i t a v a x  a cc u m u la ted  i n  l y s i g e n o u s  c a v i t i e s  o f  c o t t o n  
s e e d l i n g s .
The d a t a  p r e s e n t e d  i n  t h i s  d i s s e r t a t i o n  show t h a t  b o th  Demosan 
and V i t a v a x  were t r a n s l o c a t e d  i n  c o t t o n  s e e d l i n g s ,  and f u r t h e r m o r e ,  
show t h a t  b o th  compounds were t r a n s l o c a t e d  b o th  upward and downward.
I t  i s  g e n e r a l l y  th o u g h t  t h a t  compounds move upwards  th ro u g h  t h e  xylem 
and downward th ro u g h  th e  phloem. Thus,  Howard and H q r s f a l l  (73) r e ­
p o r t e d  downward movement o f  s t r e p t o m y c i n  t h ro u g h  th e  phloem and p i t h  
i n  to m a to .  C e r t a i n  compounds a r e  known to  move upward i n  c e r t a i n  
p l a n t s  th ro u g h  th e  phloem. No r e p o r t  i s  a v a i l a b l e  c o n c e r n i n g  th e  
pathway by which Demosan and V i t a v a x  a r e  t r a n s l o c a t e d  i n  p l a n t  t i s s u e s .  
S in ce  t h i s  s t u d y  showed b o th  upward and downward movement, i t  i s  
s u g g e s t e d  t h a t  movement t a k e s  p l a c e  i n  b o th  xylem and phloem.
A u to ra d io g r a p h s  o f  a l l  s e e d l i n g s  from seed  t r e a t e d  a f t e r  d i f ­
f e r e n t  h o u rs  o f  g e r m i n a t i o n  a p p e a r  much t h e  same. Thus,  t h e  d a t a  
o f f e r  no a p p a r e n t  d i f f e r e n c e s  i n  amount o f  u p ta k e  by c o t t o n  s e e d l i n g s  
o f  e i t h e r  Demosan o r  V i t a v a x  a f t e r  d i f f e r e n t  h o u rs  f o l l o w i n g  seed  
g e r m i n a t i o n .  I t  s h o u ld  be remembered,  however,  t h a t  t h e  a u t o r a d i o g r a p h i c
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t e c h n i q u e  I s  u n s u i t a b l e  f o r  m e asu r in g  minor d i f f e r e n c e s  i n  u p t a k e ,  and 
would o n ly  be u s e f u l  i n  d e t e r m i n i n g  u p ta k e  v e r s u s  n o n u p tak e .  L ik ew ise ,  
a u t o r a d i o g r a p h s  showed t h a t  c o t t o n  s e e d l i n g s  to o k  up bo th  f u n g i c i d e s  
from an a e r a t i o n  t r a i n  when l e f t  i n  s o l u t i o n  f o r  12 h r .  The d a t a  d id  
no t  show, however,  i f  a g r e a t e r  amount was t a k e n  up a f t e r  48 h r .  Auto­
r a d i o g r a p h s  o f  a e r a t i o n  t r a i n - t r e a t e d  s e e d l i n g s  ap p ea red  much t h e  same 
f o r  e i t h e r  f u n g i c i d e  a f t e r  12,  24,  o r  48 h r .  The a u t o r a d i o g r a p h s  
d e m o n s t r a t e d  t h a t  V i ta v ax  and Demosan were  t a k e n  up and t r a n s l o c a t e d  
when a p p l i e d  to  v e r m i c u l i t e  c o n t a i n i n g  a c o t t o n  s e e d l i n g ,  l i q u i d  c u l t u r e  
c o n t a i n i n g  a c o t t o n  s e e d l i n g ,  f o l i a g e ,  d ry  s e e d ,  o r  g e rm in a te d  s e e d .  
These s t u d i e s  s u b s t a n t i a t e  th e  r e p o r t s  t h a t  V i t a v a x  and Demosan a re  
a b so r b ed  and t r a n s l o c a t e d  i n  t r e a t e d  p l a n t s  and t h u s ,  a c t  as  sy s te m ic  
f u n g i c i d e s .
T h i n - l a y e r  C hrom atography . TLC s t u d i e s  u s i n g  r a d i o l a b e l e d  Demosan 
showed t h a t  t h e  compound i s  i n  no way a l t e r e d  by p a s s a g e  th ro u g h  c o t t o n  
s e e d l i n g s .  T h i s  i s  f u r t h e r  e v id e n c e  f o r  t h e  c o n c l u s i o n  t h a t  t h e  
Demosan m o lecu le  i t s e l f  i s  a c t i v e  as  a s y s t e m ic  f u n g i c i d e ,  and no t  a 
m e t a b o l i t e  o f  t h e  compound. Using TLC, Hock and S i s l e r  (70) conc luded  
t h a t  t o x i c i t y  a p p ea re d  t o  be a s s o c i a t e d  w i th  t h e  u n a l t e r e d  Demosan 
m o le c u le  r a t h e r  t h a n  w i th  a c o n v e r s i o n  p r o d u c t .
R e s u l t s  o b t a i n e d  withTLC o f  r a d i o l a b e l e d  c o t t o n  s e e d l i n g s  showed 
t h e  Demosan band q u i t e  c l e a r l y  and u n q u e s t i o n a b l y .  Demosan was i d e n t i ­
f i e d  as h av in g  an Rf v a l u e  o f  a p p r o x im a te ly  0 . 7 0 .  Rhodes ( 9 4 ) ,  u s i n g  
th e  same sys tem ,  r e p o r t e d  th e  compound had an Rf v a l u e  o f  0 . 6 0 .  That 
worker  u sed  a "baymelM- t y p e  b i n d e r ,  w h i l e  a c a lc iu m  s u l p h a t e - t y p e  b i n d e r  
was u sed  i n  th e  p r e s e n t  s t u d y .  However,  Rf v a l u e s  f r e q u e n t l y  v a r y  from
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t im e  t o  t im e  and l a b  to  l a b ,  even when th e  same sys tem  i s  em ployed . (14 )  
and a r e  g e n e r a l l y  c o n s i d e r e d  t o  be u n r e l i a b l e  i n  TLC. The TLC work in  
t h e  p r e s e n t  s tu d y  d i d  no t  show a m e t a b o l i t e  o f  Demosan to  be p r e s e n t ,  
a s  has  been  r e p o r t e d  by o t h e r  w orkers  (70,  9 4 ) .  Rhodes (94) r e p o r t e d  
a m e t a b o l i t e  o f  Demosan, i d e n t i f i e d  as 2 ,5 - d i c h l o r o - 4 - m e t h o x y p h e n o l ,  
w i th  an Rf v a l u e  o f  0 . 3 5 .  Hock and S i s l e r  (70) i d e n t i f i e d  th e  same com­
pound as  a d e g r a d a t i o n  p r o d u c t  o f  Demosan when Demosan was m e t a b o l i z e d  
i n  l i q u i d  c u l t u r e  by R. s o l a n i . I t  a p p e a r s  t h a t  th e  m e t a b o l i t e  i s  
p r e s e n t  i n  u n a l t e r e d  Demosan and can  be shown by TLC. However,  R. 
s o l a n i  s lo w ly  m e t a b o l i z e s  Demosan, so t h a t  t h e  m e t a b o l i t e  a p p e a r s  i n  
much g r e a t e r  c o n c e n t r a t i o n  when Demosan i s  s u b j e c t e d  to  a t t a c k  by R. 
s o l a n i .
F a i l u r e  t o  o b t a i n  th e  m e t a b o l i t e  i n  t h e  p r e s e n t  s tu d y  c an  p r o b a b ly  
be a t t r i b u t e d  t o  f a i l u r e  t o  h y d r o ly z e  t h e  p l a n t  e x t r a c t  b e f o r e  e x t r a -  
t i o n .  C or re spondence  from Rhodes ( 9 4 ) ,  r e c e i v e d  a f t e r  c o m p le t io n  o f  
TLC work, s t a t e d  t h a t  m i ld  a c i d  h y d r o l y s i s  b e f o r e  e x t r a c t i o n ,  to  f r e e  
c o n j u g a t e s ,  s i g n i f i c a n t l y  i n c r e a s e d  th e  e x t r a c t i o n  e f f i c i e n c y  o f  the  
p heno l  m e t a b o l i t e .
S t u d i e s  w i t h  Busan
The s t u d i e s  c o n d u c ted  w i th  Busan were l i m i t e d  b ecau se  o f  t h e  s e v e r e  
p h y t o t o x i c i t y  o f  t h e  compound t o  c o t t o n  s e e d l i n g s .  A c cu ra te  r e c o r d i n g  
o f  d i s e a s e  damage by R. s o l a n i  was f r e q u e n t l y  Im p o s s ib l e  due to  e a r l y  
d e a th  o f  t h e  s e e d l i n g s  caused  by p h y t o t o x i c i t y .  R e s u l t s  o b t a i n e d  i n  
t h e  s tu d y  i n d i c a t e d  Busan t o  be h i g h l y  p h y t o t o x i c  and n o n s y s t e m ic .  The 
s e v e r e  p h y t o t o x i c i t y  e v i d e n t  when Busan was u sed  w i th  th e  f l a s k  t e c h n i q u e
was n o t  e v i d e n t  when th e  g l a s s  d i s h  t e c h n i q u e  was u s e d .  T h i s  was an 
a p p a r e n t  i n c o n s i s t e n c y ,  and can  p o s s i b l y  be a t t r i b u t e d  to  a d s o r p t i o n  
o f  Busan on t o  v e r m i c u l i t e  p a r t i c l e s ,  r e s u l t i n g  i n  a lower  c o n c e n t r a ­
t i o n  o f  f u n g i c i d e  a round  t h e  c o t t o n  s e e d l i n g  r o o t s .  P u l i d o  (93) r e ­
p o r t e d  o t h e r  w o rk e rs  found Busan to  be p h y t o t o x i c  and n o n s y s te m ic .  
Buckman C hem ica ls ,  m a n u f a c t u r e r  o f  th e  compound, t r a c e d  t h e  p h y to -  
t o x i c i t y  t o  an e m u l s i f i e r  s u p p l i e d  by a n o t h e r  f i r m .  The e m u l s i f i e r  
was r e p l a c e d  i n  t h e  Busan fo rm u la ,  and th e  r e v i s e d  compound i s  now 
r e p o r t e d  n o n p h y t o t o x i c .
SUMMARY
V i t a v a x  was f u n g i s t a t i c  i n  v i t r o  and g r e a t l y  s u p p r e s s e d  growth o f  
R. s o l a n i  a t  10 ppm f o r  up t o  5 d a y s .
Demosan was f u n g i s t a t i c  i n  v i t r o  and g r e a t l y  s u p p r e s s e d  growth  o f  
R. s o l a n i  a t  100 ppm f o r  up to  5 d a y s .
E x t r a c t s  from V i t a v a x -  and D e m o sa n - t r e a te d  c o t t o n  s e e d l i n g s  g r e a t l y  
s u p p r e s s e d  growth o f  R. s o l a n i  i n  v i t r o .  There  was no d i f f e r e n c e  
i n  s u p p r e s s i o n  by e x t r a c t s  from c o t t o n  s e e d l i n g s  t r e a t e d  a t  the  
v a r i o u s  c o n c e n t r a t i o n s .
V i t a v a x  was found to  be n o n v o l a t i l e ,  w h i l e  Demosan was found to  be 
h i g h l y  v o l a t i l e  and t h e  v a p o r s  f u n g i s t a t i c  t o  R. s o l a n i .
^ C - l a b e l e d  V i t a v a x  and Demosan were shown by a u t o r a d i o g r a p h y  to  
be ab so rb ed  and s y s t e m i c a l l y  t r a n s l o c a t e d  upward i n  c o t t o n  s e e d l i n g s  
f o l l o w i n g  a p p l i c a t i o n  t o  d ry  s e e d ,  g e rm in a te d  s e e d ,  and t o  s e e d l i n g  
r o o t s  c o n t a i n e d  i n  v e r m i c u l i t e  o r  l i q u i d  c u l t u r e .  There  was no 
a p p a r e n t  d i f f e r e n c e  i n  a u t o r a d i o g r a p h s  o f  s e e d l i n g s  grown from seed  
t r e a t e d  i n  t h e  d ry  s t a t e ,  o r  12, 24,  48,  o r  72 ho u rs  a f t e r  ge rm ina ­
t i o n .  There  was no a p p a r e n t  d i f f e r e n c e  i n  a u t o r a d i o g r a p h s  o f  
s e e d l i n g s  h e l d  f o r  12,  24,  o r  48 h o u r s  i n  an a e r a t i o n  t r a i n  i n  
l i q u i d  c u l t u r e .
^ C - l a b e l e d  V i t a v a x  and Demosan were shown to  be s y s t e m i c a l l y  t r a n s ­
l o c a t e d  upward,  from c o t y l e d o n  t o  c o t y l e d o n ,  and downward to  a 
l i m i t e d  e x t e n t  f o l l o w i n g  a p p l i c a t i o n  to  a s i n g l e  c o t t o n  s e e d l i n g  
c o t y l e d o n .
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7. T h i n - l a y e r  ch rom atography  o f  e x t r a c t s  o f  1 0 - d a y - o l d  c o t t o n  s e e d l i n g s  
t r e a t e d  w i th  l ^ C - l a b e l e d  Demosan showed th e  compound to  be a bso rbed  
and s y s t e m i c a l l y  t r a n s l o c a t e d .  Demosan rem a ined  unchanged i n  c o t t o n  
s e e d l i n g  e x t r a c t s  and no m e t a b o l i t e  was d e t e c t e d  by TLC t e c h n i q u e s .
8 .  Busan was shown t o  be h i g h l y  p h y t o t o x i c  and n onsys tem ic  i n  c o t t o n  
s e e d l i n g s .
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